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I .  STATEMENT OF OBJECTIVES - Need f o r  Resea rch  
Nor the rn  M i c h i g a n ' s  l a n d  and w a t e r  r e s o u r c e s  have  l o n g  
been h e l d  i n  economic and a e s t h e t i c  es teem,and f o r  j u s t  such  
r e a s o n s ,  s u b j e c t  t o  e x p l o i t a t i v e  p r e s s u r e  from t h e  human 
e l emen t ,  e a g e r  t o  l i v e ,  work and p l a y  i n  such  s c e n i c  and 
n a t u r a l l y  abundant  s u r r o u n d i n g s .  F u r t h e r ,  w i t h  t o d a y ' s  modern 
s o c i e t y  e n j o y i n g  i n c r e a s e d  l e i s u r e  t i m e ,  g r e a t e r  m o b i l i t y  and 
a f f l u e n c e ,  o u r  pr ime e n v i r o n m e n t a l  r e s o u r c e s  a s  w e l l  a s  t h o s e  
o f  Wiscons in ,  Minnesota  and o t h e r  s c e n i c ,  w a t e r - r i c h  a r e a s  
a r e  f a c e d  w i t h  heavy and growing p r e s s u r e  from man's  a c t i v i t i e s .  
Mich igan ' s  s p a r s e l y  p o p u l a t e d  n o r t h l a n d  becomes c o r r e s p o n -  
d i n g l y  a t t r a c t i v e  t o  u r b a n  d w e l l e r s  a s  c i t i e s  i n c r e a s e  i n  
p o p u l a t i o n ,  p o l l u t i o n  and c r i m e .  Consequen t ly ,  l a k e s  and r i v e r s  
i m p o r t a n t  t o  t h e  n o r t h ' s  un ique  eco logy  become h i g h l y  d e s i r a b l e  
a s  "get-away" s p o t s ;  i n c r e a s i n g  t h e  danger  o f  r a p i d  " c u l t u r a l  
e u t r o p h i c a t i o n " ,  an u n n a t u r a l  and man-made s p e e d i n g  up o f  a  
w a t e r  b o d y ' s  p o l l u t i o n  and a g i n g  p r o c e s s .  
Cana l s  and w e t l a n d  f i l l i n g  p r o j e c t s  appea r  i n  an  e f f o r t  
t o  c a p i t a l i z e  on and c a t e r  t o  t h e  a r e a ' s  i n f l u x  o f  p o p u l a t i o n ,  
b o t h  s e a s o n a l  and permanent .  O f t e n  such  l a n d  developments  
a r e  n o t  p l anned  w i t h  a r e a  eco logy  i n  mind. Proposed  sewage 
sys tems may be  i n a d e q u a t e ;  t h e  w e t l a n d s  may be o f  p r imary  
impor tance  t o  a  l a k e  o r  r i v e r ' s  " h e a l t h " ,  i n t e g r i t y  and 
v i r t u a l  e x i s t a n c e .  
New i n d u s t r y  may be  l u r e d  t o  t h e  a r e a  i n  a  r a c e  f o r  i n -  
c r e a s e d  t a x  b a s e  and employment o p p o r t u n i t i e s ,  w i t h  l i t t l e  
P 
t h o u g h t  f o r  p r o p e r  p lacement  o r  c o n t r o l .  
The r e c r e a t i o n  i n d u s t r y  p r o v i d e s  p r o d u c t s  and p l a c e s  f o r  
p l a y  and t h e  i n s t i g a t i o n  t o  u s e  them. However, snowmobiles ,  
t r a i l  b i k e s  and o t h e r  o f f - t h e - r o a d  r e c r e a t i o n a l  v e h i c l e s  a r e  
u s e d  i r r e s p o n s i b l y ;  t e a r i n g  up v i t a l  dune g r a s s ,  d i s t u r b i n g  
w i l d l i f e  h a b i t a t  and s h a t t e r i n g  t h e  s e r e n i t y  o f  t h e  woods i n  
a l l  s e a s o n s .  
H igh ly  aware o f  t h e s e  and o t h e r  e n v i r o n m e n t a l ,  economic 
and r e c r e a t i o n a l  p rob lems ,  n o r t h e r n  s c e n i c  a r e a s  a r e  s t r u g g l i n g  
t o  p r o v i d e  a d e q u a t e  l e g i s l a t i v e ,  p l a n n i n g  and c o n s u l t i n g  
r e s o u r c e s  t o  t h e i r  communi t ies .  There  i s  an unques t ioned  
n e c e s s i t y  i n  t h e s e  a r e a s  t o  "demons t ra t e  c r e a t i v e  r a t h e r  t h a n  
d e s t r u c t i v e  s k i l l s  i f  we a r e  t o  r e p l i c a t e  n a t u r e  o r  t o  
manage i t  (McHarg, 1 9 7 1 ) . "  F o r t u n a t e l y ,  i n  Nor the rn  Mich igan ' s  
t h r e a t e n e d  env i ronment ,  t h e r e  i s  o p p o r t u n i t y  t o  t a k e  c r e a t i v e  
and p r e v e n t i v e  a c t i o n ;  a c t i o n  which i s  l e s s  c o s t l y  t h a n  
r e h a b i l i t a t i v e  programs i n  t h e  l o n g  r u n ,  b o t h  m o n e t a r i l y  a s  
w e l l  a s  aesthetics-lly. 
A s  e v i d e n c e  o f  n o r t h - a r e a  community and governmenta l  
r e a d i n e s s  and need f o r  a c t i o n ,  a  r e c e n t  (1972) amendment was 
made t o  t h e  Michigan I n l a n d  Lakes and St reams Act  o f  1965,  
g i v i n g  t h e  Department  o f  N a t u r a l  Resources  c o n t r o l  o v e r  ma jo r  
m o d i f i c a t i o n s  o f  s h o r e l i n e  and submerged l a n d s .  A l s o ,  t h e  
Michigan  Department  o f  N a t u r a l  Resources  has  e s t a b l i s h e d  
an O f f i c e  o f  S t a t e  Land Use P l a n n i n g  t o  i d e n t i f y  a r e a s  o f  
c r i t i c a l  e n v i r o n m e n t a l  c o n c e r n ,  Northern Michigan among them. 
Wiscons in ,  i n  a  r e c e n t  Supreme Cour t  d e c i s i o n ,  ( J u s t  v s .  
M a r i n e t  C o . ) ,  uphe ld  l e g i s l a t i o n  which may be s e e n  a s  
r e p r e s e n t i n g  a  new e n v i r o n m e n t a l  e t h i c  i n  i t s  s o c i e t a l  
p r o t e c t i o n  o f  n a t u r a l  v a l u e s .  A l s o ,  t h e  Upper G r e a t  Lakes 
Regional  Commission a l o n g  w i t h  W i s c o n s i n ' s  Department  o f  
N a t u r a l  Resources  r e c e n t l y  comple ted  a  f i v e - y e a r  program 
o f  r e s e a r c h  and implemen ta t ion  i n  l a k e  renewal  and r e -  
h a b i l i t a t i o n ,  r e l a t e d  p o l i c y  i s s u e s ,  and p u b l i c  awareness  
e d u c a t i o n .  
However, a s  much a s  t h e r e  i s  now t h e  needed t r e n d  toward 
o r g a n i z e d  zoning  r e g u l a t i o n s ,  l a n d - u s e  a d v i s o r y  b o a r d s  and 
c o n s c i e n t i o u s  l e g i s l a t i o n ,  p l a n n i n g  commissions and t h e  l i k e ,  
such  o r g a n i z a t i o n s  canno t  f u n c t i o n  e f f e c t i v e l y  w i t h o u t  f a c t s .  
They need w a t e r  q u a l i t y  d a t a ,  sewage sys t ems  adv i semen t ,  
s o i l  a n a l y s i s ,  and knowledge o f  l a n d  u s e  c h a r a c t e r i s t i c s ;  
a s  w e l l  a s  a  me te r  o f  t h e  p u b l i c  a t t i t u d e  toward l a k e l a n d  
p o l l u t i o n  and p r o g r e s s  toward r e c t i f y i n g  i t .  They need  t o  
know: Where i s  t h e  major  r e c r e a t i o n a l  o p p o r t u n i t y  i n  t h e  
a r e a ?  How much human impact  can  t h a t  a r e a  w i t h s t a n d ?  Where 
i s  t h e  a g r i c u l t u r a l  h e a r t l a n d ?  Where a r e  t h e  b e s t  f o r e s t  
l o c a t i o n s ?  Where a r e  t h e  b e s t  s i t e s  f o r  u r b a n i z a t i o n ?  I t  
i s  h e r e  t h a t  t h e  U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n  
can  i n t e r c e d e  w i t h  h i s t o r i c a l ,  a q u a t i c ,  t e r r e s t r i a l  and 
s o c i a l  d a t a  accumula ted  from o u r  program concerned  w i t h  
e c o l o g i c a l  and s o c i o l o g i c a l  d e t e r m i n a t i o n s  o f  l a n d - u s e  
d e c i s i o n s .  
Our program o b j e c t i v e s  r e l a t e  t o  Nor the rn  Mich igan ' s  
l a n d  u s e  problems on t h r e e  s e p a r a t e  y e t  i n t e g r a t e d  l e v e l s :  
a q u a t i c ,  t e r r e s t r i a l  and s o c i a l .  Thus f a r ,  o u r  s t u d y  has  
a l l o w e d  f o r  a c c u m u l a t i o n  o f  v a l u a b l e  d a t a  i n  a l l  t h r e e  a r e a s .  
I t  may b e  n o t e d ,  however ,  t h a t  more i n f o r m a t i o n  h a s  been 
c o l l e c t e d  i n  a q u a t i c  s e c t i o n s ;  stemming from t h e  f a c t  t h a t  
a q u a t i c  r e s e a r c h  was i n c l u d e d  i n  t h e  p i l o t  program, whereas 
s o c i a l  and t e r r e s t r i a l  r e s e a r c h  a r e a s  have been more r e c e n t l y  
implemented.  
With p r o g r e s s i o n  o f  t h e  s t u d y ,  n u t r i e n t  budge t  a n a l y s i s  
o f  s p e c i f i c  i n l a n d  w a t e r s h e d s  have come t o  demand c l o s e  
c o o p e r a t i o n  between t h e  a q u a t i c  and t e r r e s t r i a l  p o r t i o n s  o f  
t h e  s t u d y ,  S o c i a l  s c i e n c e  r e s e a r c h  has  found i t  n e c e s s a r y  
t o  i n t e g r a t e  b o t h  a q u a t i c  and t e r r e s t r i a l  r e s o u r c e s  i n t o  
a s s e s s i n g  l a k e  and r i v e r  p r o p e r t y  owners1  p e r c e p t i o n  o f  
t h e i r  env i ronment .  Both t h e  t e r r e s t r i a l  and s o c i a l  s c i e n c e  
a r e a s  have been  augmented by a d d i t i o n a l  h i s t o r i c a l  r e s e a r c h ,  
and t o  t h e  s o c i a l  s c i e n c e  a r e a  has  been added t h e  r e s o u r c e s  
o f  CRUSK ( C e n t e r  f o r  Resea rch  and U t i l i z a t i o n  of  S c i e n t i f i c  
Knowledge),  p a r t  o f  t h e  U n i v e r s i t y ' s  I n s t i t u t e  f o r  S o c i a l  
R e s e a r c h  complex. Such a  r e s o u r c e  w i l l  g i v e  much needed 
a s s i s t a n c e  i n  p u t t i n g  s c i e n t i f i c  knowledge a c r o s s  t o  
p o t e n t i a l  u s e r s  i n  u n d e r s t a n d a b l e  t e r m s .  
Our p u b l i c  i n f o r m a t i o n  s c i e n t i s t  h a s  been e s t a b l i s h e d  
a s  a  community c o n s u l t i n g  r e s o u r c e  and h a s  a l r e a d y  f e l t  a  
g r e a t  demand f o r  h i s  s e r v i c e s .  
The B i o l o g i c a l  S t a t i o n  has  a l s o  had t h e  o p p o r t u n i t y  t o  
p r e s e n t  f a c t u a l  t e s t i m o n y  a t  s e v e r a l  l a n d - u s e  h e a r i n g s  con-  
d u c t e d  by t h e  Michigan Department o f  N a t u r a l  Resources  w i t h  
r e s p e c t  t o  development  p r o p o s a l s  i n  t h e  s t u d y  a r e a .  P a r t  o f  
t h e  d a t a  used  i n  t h e  p r e s e n t a t i o n s  were t a k e n  from NSF/RANN 
r e s e a r c h  p r o j e c t s ,  and seemed t o  have p o s i t i v e  impact  i n  
f o r e s t a l l i n g  l e s s  d e s i r a b l e  p r o p o s a l s .  
I t  h a s  become a p p a r e n t  t h a t  t h e  r e s e a r c h  we have  b e e n  
p u r s u i n g  and t h e  p r o g r e s s i v e  r e s u l t s  we a r e  o b t a i n i n g ,  i n -  
c l u d e d  h e r e w i t h ,  a r e  o f  g r e a t  v a l u e  and i n  demand; n o t  o n l y  
i n  n o r t h e r n  Michigan b u t  a l s o  f o r  o t h e r  l i k e  env i ronment s  i n  
t h e  North C e n t r a l  s t a t e s  and p e r h a p s  o t h e r  wor ld  a r e a s ,  
p r o v i d i n g  l a n d - u s e  p l a n n i n g  p r e c e d e n t s ,  f a c t u a l  r e p o r t s  and 
v a l u a b l e  r e f e r e n c e  s o u r c e s .  
DESCRIPTION OF STUDY AREA 
Many o f  M i c h i g a n ' s  most b e a u t i f u l  l a k e s ,  p o s s e s s i n g  
g r e a t  p o t e n t i a l  f o r  development ,  a r e  found i n  t h e  I n l a n d  
Water Route r e g i o n  o f  n o r t h e r n  lower  Michigan.  The r e g i o n  
i s  named f o r  a  s e r i e s  o f  n a v i g a b l e  waterways l e a d i n g ,  by way 
o f  i n t e r c o n n e c t i n g  r i v e r s ,  t h rough  Crooked, P i c k e r e l ,  B u r t ,  
M u l l e t t  and Black Lakes t o  t h e  S t r a i t s  o f  Mackinac and 
f i n a l l y  t o  t h e  S t .  Lawrence Seaway. 
Economica l ly  and e c o l o g i c a l l y  i m p o r t a n t  s i n c e  e a r l y  t i m e s ,  
t h e  I n l a n d  Water Route was f i r s t  used  by I n d i a n s  and f u r  t r a d e r s .  
Today i t  i s  m a i n t a i n e d  f o r  r e c r e a t i o n a l  n a v i g a t i o n  by t h e  U .  S .  
Lake Survey .  I t s  w a t e r s h e d ,  encompassing a  l a n d  a r e a  o f  
3 , 7 8 3  krn2 (1 ,461 m i 2 ) ,  i s  d r a i n e d  p r i n c i p a l l y  by t h e  
Crooked,  Maple,  S t u r g e o n ,  P igeon ,  Black and Cheboygan r i v e r s .  
T h i s  i n c l u d e s  l a k e s  i n  most o f  Cheboygan and Emmet c o u n t i e s  
and p o r t i o n s  o f  ChXlevoix,  Montmorency, Otsego and Presque  
I s l e  c o u n t i e s  (figure I ) .  The l a k e s  r ange  i n  s i z e  from t i n y  
ponds and bogs t o  M u l l e t t ,  Bur t  and Black Lakes ;  f o u r t h ,  f i f t h  
and e i g h t h  l a r g e s t  l a k e s ,  r e s p e c t i v e l y ,  i n  t h e  s t a t e .  The 
l a k e s ,  r i v e r s  and w e t l a n d s  o f  t h i s  w a t e r s h e d  a r e  i n t e r - w o v e n  
and o f t e n  i n t e r d e p e n d e n t .  T h e r e f o r e ,  change on one body o f  
w a t e r  may e a s i l y  and r a p i d l y  a f f e c t  o t h e r s .  
The p o p u l a t i o n  o f  t h e  I n l a n d  Water Route r e g i o n  i s  p r e -  
d o m i n a t e l y  r u r a l .  The l a r g e s t  towns r ange  from 3,000 t o  6 ,000 
and coun ty  p o p u l a t i o n s  r a n g e  from 5,250 t o  18 ,300 i n d i v i d u a l s  
( T a b l e  I ) .  However, abou t  20 p e r c e n t  o f  t h e  p o p u l a t i o n  o f  
FIGURE 1 THE AREA OF NORTHERN MICHIGAN KNOWN AS THE INLAND 
WATER ROUTE REGION CONSTITUTES THE DRAINAGE B A S I N  
OF THE CHEBOYGAN R I V E R  
TABLE 1 SELECTED S T A T I S T I C S  ON THE POPULATION AND NATURAL RESOURCES OFIMI CHIGAN 
COUNTIES I N  THE I N L A N D  WATER ROUTE REGION OF NORTHERN M I C H I G A N  
STATISTIC 
H U M A N  P O P U L A T I O N  
No. o f  w e o ~ l e  ( 2 9 7 0 )  
STATE OF 
MICHIGAN 
. I  L 
I n c r e a s e  i n  p a s t  20  y r s .  f % )  ' 1 3 . 4  
P o p u l a t i o n  i n  urban  a r e a s  6 , 5 5 5 , 7 7 3  
P e r c e n t  i n  u rban  a r e a s  7 3 . 8  
HOUSING 
T o t a l  U n i t s  
Y e a r  Round ( % )  
S e a s o n a l  ( % )  
LAND USE --
T o t a l  a r e a  - Acres  
I n l a n d  Water  - A c r e s  ( % )  
Land s u r f a c e  ( % )  
F o r e s t  
A g r i c u l t u r e  
T r a n s p o r t a t i o n  
R e c r e a t i o n  
U r b a n i z a t i o n  
O t h e r  
CHEBOY GAN EMMET 
COUNTY COUNTY 
WATER 
I n l a n d  Water  B o d i e s  
T o t a l  Number 3 5 , 0 6 8  344  272  
T o t a l  Acreage 8 4 0 , 8 6 7  5 1 , 3 5 8  1 0 , 4 1 2  
B o d i e s  o f  Wa te r  > 200  a c r e s  5 9 5  1 0  8  
M i l e s  o f  s t r e a m s  3 6 , 0 7 1  420  9 8  
M i l e s  o f  G r e a t  Lakes  s h o r e l i n e  2 , 1 8 7  36  6 8  
TPBLE 1 SELECTED S T A T I S T I C S  ON THE P O P U L A T I O N  AND N A T U R A L  RESOURCES OFIMICHIGAN 
(continued) COUNTIES I N  THE I N L A N D  WATER ROUTE REGION OF NORTHERN M I C H I G A N  
STATISTIC 
H U M A N  POPULATION 
No. o f  v e o v l e  ( 2 9 7 0 1  . '  L 
I n c r e a s e  i n  p a s t  1 0  y r s .  ( % I  - 2 . 1  
CHARLEVOIX OTSEGO 
v 775umT 
P o p u l a t i o n  i n  urban a r e a s  4 , 2 7 5  6 , 4 8 8  3 , 0 1 2  
P e r c e n t  i n  urban  a r e a s  3 3 . 3  3 9 . 2  2 8 . 9  
HOUSING 
T o t a l  U n i t s  
Y e a r  Round ( % I  
S e a s o n a l  ( % I  
L A N D  USE --
T o t a l  a r e a  - Acres  
I n l a n d  Water  - Acres  ( % )  
Land s u r f a c e  ( % I  
F o r e s t  
A g r i c u l t u r e  
T r a n s p o r t a t i o n  
R e c r e a t i o n  
U r b a n i z a t i o n  
O t h e r  
WATER 
I n l a n d  Water  Bod ies  
T o t a l  Number 
MONTMORENCY 
COUNTY 
- - . .. 
T o t a l  Acreage 1 5 , 5 0 4  
Bodies  o f  Water > 2 0 0  a c r e s  8  
M i l e s  o f  s t r e a m s  3 0 1  
M i l e s  o f  Grea t  Lakes s h o r e l i n e  7 2 
$source : Michigan State University Cooperative Extension Service 
Canada and t h e  U n i t e d  S t a t e s  l i v e s  w i t h i n  500 m i l e s  o f  t h e  
r e g i o n  (figure 2 ) .  Consequen t ly ,  t h e  main economic b a s e  o f  
t h e  r e g i o n  c o n s i s t s  of s e r v i c e s  t o  t h e  t o u r i s t  i n d u s t r y . . .  
an  " i n d u s t r y "  t h a t  c r e a t e s  a  s e a s o n a l  i n f l u x  i n  t h e  a r e a  
a l m o s t  t r i p l e  i t s  y e a r - r o u n d  p o p u l a t i o n .  
Less  t h a n  100 of t h e  a r e a ' s  1 ,000 i n l a n d  w a t e r  b o d i e s  a r e  
l a r g e r  t h a n  20 a c r e s  w i t h  s u i t a b l e  s h o r e l i n e  f o r  development .  
Approximate ly  twen ty  of  t h e s e  a r e  a l r e a d y  developed t o  some 
d e g r e e  w i t h  a d d i t i o n a l  p o t e n t i a l  f o r  f u t u r e  development 
( T a b l e  2 ) .  S e a s o n a l  d w e l l i n g s  a r e  more p r e v a l e n t  t h a n  y e a r -  
round h o u s i n g  compared t o  e l s e w h e r e  i n  t h e  s t a t e .  I n  a d d i t i o n ,  
t h e  p a s t  decade  h a s  s e e n  an i n c r e a s i n g  t endency  f o r  summer 
homes t o  be c o n v e r t e d  t o  y e a r - r o u n d  d w e l l i n g s ,  a s  w e l l  a s  a  
boom o f  new c o n s t r u c t i o n  on l a k e s h o r e s .  Lakeshore  hous ing  
i s  p r e d o m i n a t e l y  s i n g l e  f a m i l y ,  w i t h  s e p t i c  t a n k  and d r a i n  
f i e l d  sewage d i s p o s a l .  B a c k - l o t t i n g  i s  i n f r e q u e n t  and 
c l u s t e r - t y p e  d w e l l i n g  u n i t s  a r e  p r a c t i c a l l y  n o n - e x i s t e n t .  
Each l a k e  i s  b e i n g  s t u d i e d  c l o s e l y  f o r  a  more d e t a i l e d ,  
i n d i v i d u a l  d e s c r i p t i o n  o f  c h a r a c t e r i s t i c s  and s e n s i t i v i t y  t o  
human i m p a c t .  P r o g r e s s  i n  t h a t  r e s p e c t  i s  i n c l u d e d  i n  t h e  
"Morphometric F e a t u r e s 1 '  s e c t i o n  o f  t h i s  r e p o r t .  
The re  a r e  s e v e r a l  l a k e s  i n c l u d e d  i n  t h e  s t u d y  i n  a d d i t i o n  
t o  t h o s e  which a r e  deve loped  t h a t  a r e  e n t i r e l y  s t a t e  o r  
p r i v a t e l y  owned and have no  human development  on t h e i r  s h o r e s .  
S e v e r a l  l a k e s  a r e  a l s o  b e i n g  examined whose w a t e r s h e d s  l i e  
a d j a c e n t  t o  t h e  I n l a n d  Water Rou te ,  b u t  which empty d i r e c t l y  i n t o  
FIGURE 2 P O P U L A T I O N  D I S T R I B U T  i8y6 URBAN AND RURAL, I N  THE  U N I T E D  S T A T E S :  PREPARED B Y  GEOGRAPHY 
D I V I S I O N ,  BUREAU OF CENSUS, U n S t  DEPARTMENT OF 
COMMERCE 
TABLE 2 ESTIMATED NUMBER OF DWELLING UNITS ON THE SHORES 
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l~here are 21 other lakes in the study area that are either 
state owned and have no dwelling units, or are privately 
owned and have one dwelling unit on their shores. 
t h e  S t r a i t s  o f  Mackinac. Because o f  t h i s  v a r i e t y  o f  l a k e  
t y p e s ,  e a c h  e x h i b i t i n g  d i f f e r e n t  d e g r e e s  o f  development ,  
t h e  I n l a n d  Water Route i s  p r o v i n g  t o  be  an i d e a l  s t u d y  a r e a .  
The I n l a n d  Water Route l a n d  s u r f a c e  i s  p r e d o m i n a t e l y  
f o r e s t e d ,  w i t h  much o f  t h e  fo rmer  a g r i c u l t u r a l  l a n d  now 
s t a n d i n g  i d l e  ( T a b l e  1 ) .  Such unused  farm l a n d  i s  o f t e n  
f o r  s a l e  i n  l a r g e  t r a c t s ,  making i t  e a s i l y  a c q u i r a b l e  by 
r e a l  e s t a t e  p r o f i t e e r s .  There  a l s o  r emains  an abundance 
o f  undeveloped n a t u r a l  s h o r e l i n e  l a n d  on many l a k e s .  
With r e g a r d  t o  a c c e s s ,  t h e  a r e a  h a s  been  s e r v i c e d  t o  
d a t e  by t h e  n o r t h - s o u t h  1 - 7 5  expressway ,  comple ted  t e n  
y e a r s  ago and a f f o r d i n g  a  d i r e c t  r o u t e  t o  t h e  n o r t h  f o r  
m i l l i o n s  o f  p e o p l e  from t h e  s o u t h e r n  G r e a t  Lakes i n d u s t r i a l  
m e g a l o p o l i s .  Two y e a r s  a g o ,  l e g i s l a t i o n  was p a s s e d  r e q u i r i n g  
t h e  T r a n s p o r t a t i o n  P l a n n i n g  Department  t o  upgrade  highways 
US 31 ,  US 1 3 1  and US 2 3  (figure 3 ) .  Such highway improvements ,  
e s p e c i a l l y  i f  c a r r i e d  t o  an  expressway s t a t u s ,  c o u l d  r e s u l t  
i n  a  f u n n e l i n g  o f  even  g r e a t e r  amounts o f  p e o p l e  i n t o  
n o r t h e r n  Michigan ,  and c o u l d  a l s o  c r e a t e  a d v e r s e  impact  on 
i m p o r t a n t  e n v i r o n m e n t a l  a r e a s  t h e  highways b i s e c t .  
The s t u d y  a r e a ,  i n  g e n e r a l ,  may b e  d e s c r i b e d  a s  one 
o f  g r e a t  n a t u r a l  b e a u t y  and r e s o u r c e .  I t  c o n t a i n s  many u n i q u e  
and i m p o r t a n t  ecosys tems  t h a t  must b e  c o n s i d e r e d  i r r e p l a c e a b l e  
and t h e r e f o r e  c a r e f u l l y  approached f o r  management and development  
by u s i n g  t h e  most comple te  and a c c u r a t e  i n f o r m a t i o n  and methods 
a v a i l a b l e .  
E X I S T I N G .  E X P R E S S  HIGHWAYS 
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\ TO AND THROUGH NORTHERN M I C H I G A N  
111. METHODS AND MATERIALS 
A .  AOUATIC 
For an  i n - d e p t h ,  working d e s c r i p t i o n  o f  w a t e r  b o d i e s  i n  
t h e  s t u d y  a r e a ,  d a t a  h a s  been  amassed d e s c r i b i n g  t h e  members 
o f  t h r e e  v a r i a b l e  v e c t o r s  (morphometr ic  f e a t u r e s ,  p h y s i c a l -  
chemica l  p a r a m e t e r s  and b i o l o g i c a l  p a r a m e t e r s ) .  A s  t h i s  d a t a  
i s  c o r r e l a t e d ,  a  c o n c i s e  hyperd imens iona l  p i c t u r e  o f  a  l a k e ' s  
i n d i v i d u a l i t y  emerges.  T h i s  p r o v i d e s  t h e  p r o j e c t  w i t h  an 
i n t e g r a t e d ,  f u n c t i o n a l  view o f  l a k e  c h a r a c t e r i s t i c s  such  a s  
e x t e r n a l  form,  w a t e r  c h e m i s t r y  and b i o l o g i c a l  communi t ies .  
MORPHOMETRIC FEATURES 
Values  f o r  twe lve  morphometr ic  p a r a m e t e r s  have  been  
de te rmined  f o r  38  n o r t h e r n  Michigan l a k e s .  Seven of  t h e  
p a r a m e t e r s  i n v o l v e  d i r e c t  measurements:  maximum d e p t h ,  
maximum l e n g t h ,  maximum w i d t h ,  s h o r e l i n e  l e n g t h ,  s u r f a c e  a r e a ,  
w a t e r s h e d  a r e a  and volume. F i v e  o t h e r  p a r a m e t e r s  were 
d e r i v e d  from v a l u e s  o f  s e v e r a l  o f  t h e  d i r e c t  measurements :  
mean d e p t h ,  mean w i d t h ,  s h o r e l i n e  development  f a c t o r ,  volume 
development  f a c t o r  and r a t i o  of  w a t e r s h e d  a r e a  t o  l a k e  a r e a .  
Values  f o r  s i x  o f  t h e  d i r e c t  measurements  were  d e t e r -  
mined from h y d r o g r a p h i c  maps o f  t h e  l a k e s .  The s e v e n t h  
w a t e r s h e d  a r e a  was de te rmined  from U .  S .  G e o l o g i c a l  Survey 
t o p o g r a p h i c a l  maps. Most o f  t h e  maps were compi led  under  
t h e  a u s p i c e s  o f  t h e  I n s t i t u t e  f o r  F i s h e r i e s  Research  o f  
t h e  Michigan Department  o f  N a t u r a l  Resources  and t h e  U .  S.  
Army Corps o f  E n g i n e e r s  Lake Survey .  Data f o r  S i l v e r  Lake 
(Koehler  Township, Cheboygan County) was d e r i v e d  from a  map 
commissioned by t h e  Boy S c o u t s  o f  America who own a l l  t h e  
l a n d  s u r r o u n d i n g  t h e  l a k e .  A map produced by a  U n i v e r s i t y  
o f  Michigan B i o l o g i c a l  S t a t i o n  c l a s s  p r o j e c t  was used  t o  
measure L i v i n g s t o n  Bog's  (Cheboygan County) morphometr ic  
p a r a m e t e r s .  Wildwood Lake (Cheboygan County) was mapped 
by RANN program s t a f f  a t  t h e  B i o l o g i c a l  S t a t i o n  s p e c i f i c a l l y  
f o r  t h e  pu rpose  o f  t h i s  i n v e s t i g a t i o n .  
D e s c r i p t i o n s  of  t h e  v a r i o u s  measurements and t h e i r  
r e s p e c t i v e  d e r i v a t i o n s  f o l l o w .  D e f i n i t i o n s  o f  morphometr ic  
p a r a m e t e r s  a r e  t h o s e  g i v e n  by Welch (1948) :  
Maximum d e p t h  i s  t h e  g r e a t e s t  d e p t h  known f o r  a  l a k e .  
T h i s  p a r a m e t e r  was o b t a i n e d  by examining a  map o f  t h e  l a k e  
t o  f i n d  t h e  g r e a t e s t  d e p t h  c o n t o u r  o r  sound ing  ( i n  m e t e r s ) .  
Maximum l e n g t h  i s  t h e  l e n g t h  o f  a  l i n e  c o n n e c t i n g  t h e  two 
most d i s t a n t  p o i n t s  of t h e  s h o r e l i n e  w i t h o u t  c r o s s i n g  l a n d ,  
e x c e p t  f o r  i s l a n d s .  The p o s i t i o n  o f  t h i s  l i n e  was d e t e r m i n e d  
f o r  each  l a k e  and t h e n  drawn on a  map. The map was t h e n  
p r o j e c t e d  o n t o  a  g r i d d e d  s c r e e n  u s i n g  an opaque p r o j e c t o r ,  
such  t h a t  t h e  s c a l e  o f  t h e  map and t h e  maximum l e n g t h  l i n e  
were b o t h  v i s i b l e .  The map was e n l a r g e d  f i v e  t i m e s  i t s  
o r i g i n a l  s i z e  i n  t h i s  manner.  A map measur ing  wheel was 
t h e n  r u n  a l o n g  t h e  s c a l e  p r o j e c t i o n  l i n e .  The r e s u l t a n t  
r e a d i n g  on t h e  d i a l  o f  t h e  map measur ing  wheel  was d i v i d e d  
i n t o  t h e  l e n g t h  of  t h e  s c a l e  l i n e  t o  o b t a i n  a  convers ion 
r a t i o .  Then t h e  wheel was run a long t h e  p r o j e c t i o n  of 
t h e  maximum l e n g t h  l i n e .  The r e s u l t a n t  d i a l  r ead ing  was 
m u l t i p l i e d  by t h e  convers ion r a t i o  t o  determine t h e  a c t u a l  
maximum l e n g t h  ( i n  k i l o m e t e r s ) .  
Maximum width i s  t h e  l eng th  of  a  l i n e  connect ing two extreme 
p o i n t s  of t h e  s h o r e l i n e  such t h a t  t h e  l i n e  l i e s  w i t h i n  15" 
of being pe rpend icu l a r  t o  t h e  maximum l e n g t h  l i n e .  Maximum 
width  ( i n  k i l ome te r s )  was determined i n  t h e  manner d e s c r i b e d  
f o r  maximum l e n g t h .  
Shore l eng th1  i s  t h e  a c t u a l  l e n g t h  of t h e  s h o r e l i n e .  The 
pe r ime te r  o f  each l a k e  was measured on a  p r o j e c t i o n  of  t h e  
map wi th  a  map measuring wheel.  The convers ion r a t i o  
ob t a ined  f o r  t h e  maximum l eng th  was used t o  conve r t  t h e  d i a l  
read ing  on t h e  wheel t o  a c t u a l  sho re  l e n g t h  ( i n  k i l o m e t e r s ) .  
Sur face  a r e a  i s  t h e  a r e a  of a  l ake  bounded by i t s  s h o r e l i n e .  
This d e f i n i t i o n  e x p l i c i t l y  r ega rds  i s l a n d s  as  p a r t  of  t h e  
s u r f a c e  a r e a  (Welch, 1948) .  The va lue  f o r  t h i s  parameter  
was i n  most ca se s  g iven i n  t h e  t i t l e  block of t h e  map f o r  
each l a k e .  Where s u r f a c e  a r e a  was n o t  g iven ,  a  u n i t  a r e a  
us ing  t h e  map s c a l e  was g r a p h i c a l l y  c o n s t r u c t e d ,  and i t s  
o u t l i n e  t r a c e d  wi th  a  Gelman compmating p o l a r  p l an ime te r .  
The u n i t  a r e a  was d iv ided  by t h e  corresponding p l an ime te r  
r ead ing  t o  o b t a i n  a  convers ion  r a t i o .  The p l an ime te r  
 he maximum l e n g t h ,  maximum width and sho re  l e n g t h  were 
determined f o r  each l ake  a t  t h e  same t ime.  The p r o j e c t o r  
was al lowed t o  reach  equ i l i b r ium tempera ture  (one-ha l f  hour 
warm-up t ime)  t o  e l i m i n a t e  changes o f  s c a l e  over  t ime .  
r e a d i n g ,  d e r i v e d  from t r a c i n g  t h e  s h o r e  l e n g t h  of  t h e  l a k e ,  
was m u l t i p l i e d  by t h e  c o n v e r s i o n  r a t i o  t o  o b t a i n  a c t u a l  s u r f a c e  
a r e a  ( i n  h e c t a r e s ) .  
Watershed  a r e a  i s  d e f i n e d  h e r e  a s  t h e  a r e a  bounded by t h e  h i g h e s t  
e l e v a t i o n  which c o n t i n u o u s l y  s u r r o u n d s  a  p a r t i c u l a r  l a k e  w i t h o u t  
i n c l u d i n g  o t h e r  l a k e s .  T h i s  d e f i n i t i o n  p r o v i d e s  an approx ima t ion  
o f  t h e  a r e a  o f  l a n d  which p r o v i d e s  s u r f a c e  and ground w a t e r  
i n p u t  t o  each  l a k e .  Ground w a t e r  f l o w  was assumed t o  f l o w  w i t h  
s u r f a c e  c o n t o u r s .  A c c u r a t e  d e t e r m i n a t i o n s  o f  w a t e r s h e d  a r e a s  
must  a w a i t  f u r t h e r  i n t e n s i v e  work t o  d e t e r m i n e  a c t u a l  ground 
w a t e r  f l o w  p a t t e r n s .  The w a t e r s h e d  a r e a  f o r  each  l a k e  was 
t r a c e d  from U .  S.  Geo log ic  Survey q u a d r a n g l e  maps (1 :62 ,500 
s c a l e )  on t o  b l a n k  p a p e r .  A p i e c e  o f  p a p e r  d e l i n e a t i n g  each  
w a t e r s h e d  was c u t  o u t  w i t h  a  p a i r  o f  s c i s s o r s .  The measurement 
of  a c t u a l  a r e a  o b t a i n e d  by p a s s i n g  a  p i e c e  o f  p a p e r  o f  u n i t  a r e a  
( r e l a t e d  t o  t h e  1 :62 ,500 s c a l e )  th rough  a  Hayasahi  Denko 
Automat i c  Area M e t e r ,  Model AAMS was t h e n  a c c o r d i n g l y  
d i v i d e d  i n t o  t h e  u n i t  a r e a  t o  o b t a i n  a  c o n v e r s i o n  f a c t o r .  
A f t e r  a l l  c u t - o u t  w a t e r s h e d s  were p a s s e d  th rough  t h e  a r e a  m e t e r ,  
e a c h  r e s u l t a n t  a r e a  measurement was m u l t i p l i e d  by t h e  c o n v e r s i o n  
f a c t o r  t o  d e v i s e  t h e  a p p r o p r i a t e  w a t e r s h e d  a r e a s  i n  h e c t a r e s .  
Volume i s  t h e  amount of w a t e r  c o n t a i n e d  i n  t h e  l a k e  d e s c r i b e d  
by i t s  s h o r e l i n e .  A Gelman p l a n i m e t e r  was used  t o  t r a c e  t h e  
s h o r e l i n e  ( t h e  z e r o  c o n t o u r  l i n e ) ,  and each  s u c c e s s i v e l y  d e e p e r  
c o n t o u r  l i n e ,  t h e r e b y  o b t a i n i n g  a  r e a d i n g  p r o p o r t i o n a l  t o  t h e  
a r e a  d e l i n e a t e d  by each  c o n t o u r  l i n e .  The volume of w a t e r  
bounded between e a c h  c o n t o u r  i n t e r v a l  was approximated  by 
t h e  f o r m u l a  f o r  volume o f  a  t r u n c a t e d  cone :  
Volume = (A1 + A 2  + v v 2 ) ,  where 3 
D = t h e  d i f f e r e n c e  i n  d e p t h  between t h e  two c o n t o u r  
i n t e r v a l s  i n v o l v e d  
A1 = t h e  a r e a  bounded by t h e  upper  c o n t o u r  l i n e  
A Z  = t h e  a r e a  bounded by t h e  lower  c o n t o u r  l i n e  
Summing t h e  volumes c o n t a i n e d  between each  c o n t o u r  g i v e s  t h e  
t o t a l  volume f o r  t h e  l a k e  ( i n  c u b i c  m e t e r s ) .  
Having made t h e  f o r e g o i n g  d i r e c t  measurements f o r  each  
l a k e ,  t h e  f o l l o w i n g  f i v e  p a r a m e t e r s  were d e r i v e d  f o r  each  
l a k e :  
Mean d e p t h  i s  t h e  volume a f  a l a k e  d i v i d e d  by i t s  s u r f a c e  
a r e a  ( i n  m e t e r s ) .  
Mean w i d t h  i s  t h e  s u r f a c e  a r e a  o f  a  l a k e  d i v i d e d  by i t s  
maximum l e n g t h  ( i n  k i l o m e t e r s )  . 
Shore  development  f a c t o r  i s  t h e  s h o r e  l e n g t h  6 f  a  l a k e  
d i v i d e d  by two t i m e s  t h e  s q u a r e  r o o t  o f  T t i m e s  i t s  a r e a .  
Twice t h e  s q u a r e  r o o t  o f  T t i m e s  t h e  a r e a  o f  a  l a k e  i s  
e q u i v a l e n t  t o  t h e  c i r c u m f e r e n c e  o f  a  c i r c l e  hav ing  t h e  same 
a r e a  a s  t h e  l a k e .  The rounder  a  l a k e  i s ,  t h e  c l o s e r  i t s  
s h o r e  l e n g t h  w i l l  be t o  a  c i r c u m f e r e n c e  o f  a  c i r c l e  o f  
g i v e n  a r e a ,  and t h e  c l o s e r  i t s  s h o r e  development  f a c t o r  
w i l l  be  t o  1 . 0 ,  t h e  t h e o r e t i c a l  minimum. C o n v e r s e l y ,  t h e  
more i r r e g u l a r l y  shaped t h e  l a k e  a n d / o r  c o n v o l u t e d  t h e  
s h o r e l i n e ,  t h e  l o n g e r  t h e  s h o r e  l e n g t h  i n  r e f e r e n c e  t o  t h e  
t h e o r e t i c a l  c i r c u m f e r e n c e  and t h e  h i g h e r  i t s  s h o r e  d e v e l o p -  
ment f a c t o r .  
Volume development  f a c t o r  i s  t h r e e  t imes  t h e  mean 
d e p t h  o f  a  l a k e  d i v i d e d  by i t s  maximum d e p t h .  S i n c e  
mean d e p t h  was d e r i v e d  from a  l a k e ' s  volume d i v i d e d  
by i t s  a r e a ,  t h e  e x p r e s s i o n  f o r  volume development 
d e s c r i b e s  t h e  r a t i o  of  t h e  volume o f  t h e  l a k e  t o  t h e  
volume o f  a  cone  w i t h  a  b a s a l  a r e a  e q u a l  t o  t h e  l a k e ' s  
s u r f a c e  a r e a ,  and a  h e i g h t  e q u a l  t o  t h e  maximum d e p t h  o f  
t h e  l a k e .  A volume development  f a c t o r  o f  1 . 0  f o r  a  l a k e  
would i n d i c a t e  t h a t ,  o v e r a l l ,  t h e  b a s i n  would b e  c l o s e  
t o  t h e  s h a p e  o f  a  cone .  A f a c t o r  lower  t h a n  one would 
i n d i c a t e  t h a t  t h e  shape  o f  t h e  b a s i n  i s  more convex 
t h a n  a  c o n e ,  whereas  a  f a c t o r  h i g h e r  t h a n  one would 
i n d i c a t e  t h e  g e n e r a l  shape  t o  b e  more concave .  
The r a t i o  - o f  w a t e r s h e d  a r e a  t o  l a k e  a r e a  was s imply  ---- 
o b t a i n e d  by d i v i d i n g  i t s  w a t e r s h e d  a r e a  by t h e  l a k e  
s u r f a c e  a r e a .  
PHYSICAL-CHEMICAL PARAMETERS 
Water q u a l i t y  d a t a  h a s  been o b t a i n e d  on most Cheboygan 
and Ernmet County l a k e s  on a q u a r t e r l y  b a s i s  s i n c e  f a l l ,  1972.  
L imnolog ica l  d a t a  h a s  been c o l l e c t e d  m o s t l y  a t  a  l i m n e t i c  s t a t i o n  
a t  t h e  d e e p e s t  p o r t i o n  o f  t h e  l a k e s .  Each b a s i n  was sampled 
i n  m u l t i - d e p r e s s i o n  l a k e s .  Twen ty - f ive  l a k e s  (32 b a s i n s )  were  
sampled i n  f a l l ,  1972.  C o l l e c t i o n s  were made from o n l y  n i n e  
l a k e s  d u r i n g  w i n t e r ,  1 9 7 $ b e c a u s e  o f  u n u s u a l l y  e a r l y  i c e  
b reak-up  c o n d i t i o n s .  
The w a t e r  c h e m i s t r y  l a b o r a t o r y  a t  t h e  B i o l o g i c a l  S t a t i o n ' s  
S t o c k a r d  Lakes ide  L a b o r a t o r y  became f u l l y  o u t f i t t e d  and o p e r -  
a t i o n a l  d u r i n g  s p r i n g ,  1973.  S i n c e  t h a t  t i m e ,  q u a r t e r l y  w a t e r  
q u a l i t y  s u r v e y s  have been  conducted  on 38 l a k e s  i n  t h e  two- 
coun ty  a r e a .  
I n  o r d e r  t o  s t u d y  t h e  adequacy of  o b t a i n i n g  w a t e r  q u a l i t y  
samples  from l a k e s  on a  q u a r t e r l y  b a s i s ,  Douglas Lake was 
sampled weekly i n  1972-73 and b i - w e e k l y  i n  1973-74.  T h i s  
phase  of o u r  i n v e s t i g a t i o n  was enhanced by a  modern d i g i t a l  
m e t e o r l o g i c a l  s t a t i o n  i n s t a l l e d  a t  t h e  B i o l o g i c a l  S t a t i o n  
w i t h  f u n d s  p r o v i d e d  by t h e  U n i v e r s i t y  o f  Michigan .  
A Boston Whaler ,  o b t a i n e d  w i t h  N a t i o n a l  S c i e n c e  Founda t ion  
f u n d s ,  h a s  been  employed f o r  a c c e s s  t o  t h e  l a r g e s t  l a k e s  
( B l a c k ,  M u l l e t t ,  B u r t ,  Crooked,  P i c k e r e l  and Walloon) i n  t h e  
s t u d y  a r e a .  Small  rowboats  have been used  on a l l  o t h e r  l a k e s .  
A snowmobile and s l e d  have been  u t i l i z e d  f o r  l a k e  a c c e s s  
d u r i n g  w i n t e r .  
P h y s i c a l ,  chemica l  and b i o l o g i c a l  d a t a  were o b t a i n e d  
d u r i n g  each  l a k e  sampl ing  t r i p .  Tempera ture  p r o f i l e s  were 
r e c o r d e d  a t  one me te r  i n t e r v a l s  a t  c e n t r a l  l a k e  s t a t i o n s  u s i n g  
a  Whitney r e s i s t a n c e  thermometer .  L i g h t  t r a n s p a r e n c y  was 
measured w i t h  a  s t a n d a r d  zoom d i a m e t e r  a l l - w h i t e  S e c c h i  d i s c .  
L i g h t  p e n e t r a t i o n  measurements were o b t a i n e d  w i t h  a  submar ine  
pho tomete r  f i t t e d  w i t h  Weston p h o t o c e l l s  d u r i n g  b o t h  summer 
and w i n t e r  s u r v e y s .  P e r c e n t  l i g h t  t r a n s m i s s i o n  w i t h  d e p t h  
and t h e  e x t i n c t i o n  c o e f f i c i e n t  ( k )  were c a l c u l a t e d  from t h e  
pho tomete r  r e a d i n g s .  T u r b i d i t y  was measured w i t h  a  H e l l i g e  
t u r b i d i m e t e r  a l s o  d u r i n g  summer and w i n t e r  sampl ing  t r i p s .  
T u r b i d i t y  measurements were e x p r e s s e d  i n  mg/R a s  S i 0 2 .  Color  
o f  t h e  w a t e r  was e s t i m a t e d  w i t h  a  F o r e l - U l e  c o l o r  compara tor .  
Water c h e m i s t r y  samples  were  o b t a i n e d  w i t h  a  t h r e e  l i t e r  
Kemmerer w a t e r  b o t t l e .  Samples were o b t a i n e d  from t h r e e  t o  
f i v e  d e p t h s  a t  each  s t a t i o n  depending  upon t e m p e r a t u r e  p r o f i l e  
c h a r a c t e r i s t i c s .  Water samples  f o r  t i t r i o m e t r i c  c h e m i s t r y ,  
pH and c o n d u c t i v i t y  were p l a c e d  i n  300 m l  B . O . D .  b o t t l e s  and 
samples  f o r  n u t r i e n t  c h e m i s t r y  were p l a c e d  i n  pre-washed and 
r i n s e d  8 o z .  p o l y e t h y l e n e  b o t t l e s .  Water f o r  c h l o r o p h y l l  - a
a n a l y s e s  were s t o r e d  i n  250 m l  g l a s s - s t o p p e r e d  b o t t l e s .  
A 5 %  s o l u t i o n  o f  MgC03 s u s p e n s i o n  was added t o  each  b o t t l e  
i n  t h e  f i e l d .  A l l  w a t e r  samples  were s t o r e d  i n  d a r k  c o n t a i n e r s  
and i c e d  down when w a r r a n t e d .  
Upon arrival of the samples at Stockard Lakeside Lab- 
oratory, tests for dissolved oxygen, alkalinity, pH, conduc- 
tivity, chlorophyll - a and ammonia-nitrogen were performed 
immediately. The remaining water samples were stored in a 
refrigerator at 3°C and chemical tests were run as soon as 
possible. Dissolved oxygen was determined titriometrically 
using the azide modification of the Winkler method (APHA 
1971, Method 218B). Total alkalinity was also measured 
titriometrically using bromcresol green-methyl red mixed 
indicator (APHA 1971, Method 102). Determination of pH 
prior to January, 1974 was conducted on a Beckman Model N 
pH meter and after that date on a Beckman Model H-5 pH meter. 
Specific conductance was measured on an Industrial Instruments 
Model RC-16B2 Conductivity Bridge. Final readings were ex- 
pressed in pmhos/cm at 2S°C. Magnesium, sodium, calcium and 
potassium were determined on a Perkin-Elmer Model 305 Atomic 
Absorption Spectrophotometer (EPA 1971). Chloride was 
measured on the Beckman model H-5 expanded scale pH meter 
fitted with a salt bridge and a Beckman chloride electrode 
(APHA 1971). The remaining chemical tests (ammonia-nitrogen, 
nitrate-nitrogen, soluble-phosphorus, total phosphorus and 
silica) were all determined calorimetrically on a Beckman 
DB-GT Spectrophotometer. Total-phosphorus and soluble- 
phosphorus were measured using a hybrid method of Gales 
et al. (1966) for digestion, and Schmid and imbuhl (1965) for --
neutralization and color development. Ammonia-nitrogen and 
nitrate-nitrogen were determined by the methods of Solorazano 
(1969) and Mbller and Widemann (1955), respectively. Silica 
was measured u s i n g  t h e  h e t e r o p o l e  b l u e  method (APHA 1971,  
Method 1 5 1 ) .  A l l  chemica l  d a t a  was r e p o r t e d  i n  mg/R e x c e p t  
n i t r o g e n  and phosphorus  compounds which were r e p o r t e d  a s  
u g / t  
The volume o f  w a t e r  samples  g e n e r a t e d  by t h e  a q u a t i c  
sampl ing  program t o g e t h e r  w i t h  samples  c o l l e c t e d  by t h e  
w e t l a n d s  and t e r r e s t r i a l  s e c t i o n s  o f  t h e  program became t o o  
l a r g e  t o  b e  h a n d l e d  by t h e  a fo remen t ioned  manual t e c h n i q u e s .  
Beginning  w i t h  t h e  f a l l ,  1974 l a k e  s u r v e r y ,  a Technicon 
Dual Channe lAutoana lyze r  I1 was o b t a i n e d  f o r  t h e  program by 
U n i v e r s i t y  o f  Michigan f u n d s .  T h i s  i n s t r u m e n t  h a s  a l lowed  
us t o  au tomate  o u r  c h e m i s t r y  l a b o r a t o r y  and has  r e p l a c e d  
t h e  Beckman DB-GT S p e c t r o p h o t o m e t e r  i n  o u r  o p e r a t i o n s .  
BIOLOGICAL PARAMETERS 
Samples f o r  c h l o r o p h y l l  - a a s  a  measure o f  s t a n d i n g  c r o p  
o f  p h y t o p l a n k t o n  and n e t  tows f o r  zoop lank ton  were r o u t i n e l y  
o b t a i n e d  d u r i n g  t h e  q u a r t e r l y  w a t e r  q u a l i t y  s u r v e y s .  C h l o r o p h y l l  
a  samples  were f i l t e r e d  th rough  a  0 . 4 5 ~  membrane f i l t e r ,  - 
e x t r a c t e d  w i t h  90% s p e c t r o p h o t o m e t r i c  g r a d e  a c e t o n e  and 
d e t e r m i n e d  f l u o r o m e t r i c a l l y  on a  Turne r  Model I 1 1  F luoromete r  
( S t r i c k l a n d  and Pa r sons  1968) .  P l a n k t o n  tows were t a k e n  a t  a l l  
c e n t r a l  l a k e  s t a t i o n s  u s i n g  a  No. 20 mesh 0.25m d i a m e t e r  c y l i n d e r -  
cone p l a n k t o n  n e t .  The n e t  was towed from t h e  bo t tom t o  t h e  
s u r f a c e  a t  a p p r o x i m a t e l y  0 . 5  m/sec.  I n  s h a l l o w  ponds and 
bog l a k e s ,  e i t h e r  a  10 m o b l i q u e  p l a n k t o n  tow was t a k e n ,  
o r  a  s e r i e s  o f  c a s t s  w i t h  a  3 l i t e r  c a p a c i t y  h o r i z o n t a l  
Van Dorn b o t t l e  were f i l t e r e d  th rough  t h e  p l a n k t o n  n e t .  
The samples  were t r e a t e d  w i t h  c a r b o n a t e d  w a t e r  ( c l u b  soda )  
f o r  n a r c o t i z a t i o n  (Gannon and Gannon, i n  p r e s s )  and t h e n  w i t h  
5% b u f f e r e d  f o r m a l i n  f o r  p r e s e r v a t i o n .  
I n  t h e  l a b o r a t o r y ,  t h e  samples  were examined f o r  s p e c i e s  
c o m p o s i t i o n  and r e l a t i v e  abundance o f  zoop lank ton  C r u s t a c e a  
and R o t i f e r a .  C r u s t a c e a n  zoop lank ton  were a n a l y z e d  by p l a c i n g  
a 10 m l  a l i q u o t  from t h e  sample i n t o  a  chambered c o u n t i n g  c e l l  
(Gannon 1971) and examining t h e  organisms under  a  s t e reozoom 
mic roscope  a t  20 t o  140x. Any organisms r e q u i r i n g  g r e a t e r  
m a g n i f i c a t i o n  t o  be  i d e n t i f i e d  were mounted on a  s l i d e  and 
obse rved  under  a  compound microscope  a t  100 t o  400x. C r u s t a c e a n  
zoop lank ton  were i d e n t i f i e d  a c c o r d i n g  t o  Yeatman (1959) f o r  
c y c l o p o i d  copepods ; Wilson (1959) f o r  c a l a n o i d  copepods ; 
Brooks (1957) f o r  Daphnia; Goulden (1968) f o r  Moina; 
Deevey and Deevey (1971) f o r  Eubosmina; and Brooks (1959) 
f o r  t h e  r ema in ing  C l a d o c e r a .  R o t i f e r s  i n  t h e  p l a n k t o n  
were  a n a l y z e d  by c o n c e n t r a t i n g  a l i q u o t s ,  p l a c i n g  them i n  
a  5  m l  p l e x i g l a s s  chamber,  p u t t i n g  a  cove r  g l a s s  o v e r  t h e  
chamber,  and o b s e r v i n g  t h e  organisms under  a  compound 
mic roscope  a t  100x.  S p e c i e s  t h a t  cou ld  n o t  b e  i d e n t i f i e d  
i n  t h e  chamber were p i p e t t e d  o n t o  a  g l a s s  s l i d e ,  a  cove r  
s l i p  was p u t  i n  p l a c e ,  and t h e  specimen obse rved  under  t h e  
mic roscope  a t  400 o r  1 , 0 0 0 ~ .  When t h e  mouth p a r t s  ( t r o p h i )  
needed t o  b e  examined,  a  drop  of  5% sodium h y p o c h l o r i t e  
(househo ld  b l e a c h )  was p l a c e d  on t h e  specimen t o  d i s s o l v e  
body t i s s u e s ,  l e a v i n g  o n l y  t h e  s c l e r o t i z e d  t r o p h i  a v a i l a b l e  
f o r  i d e n t i f i c a t i o n .  R o t i f e r s  were i d e n t i f i e d  a c c o r d i n g  t o  
V o i g t  (1957) and Edmondson (1959) .  
Rooted a q u a t i c  p l a n t s  were q u a l i t a t i v e l y  c o l l e c t e d  
d u r i n g  summer, 1974 and q u a n t i t a v e  s t u d i e s  on b e n t h i c  macro- 
i n v e r t e b r a t e s  were i n i t i a t e d  i n  summer, 1973.  I n  a d d i t i o n ,  
an i n v e n t o r y  o f  f i s h  s p e c i e s  compos i t ion  i n  l a k e s  of  t h e  
s t u d y  a r e a  was compi led  from d a t a  f i l e s  of t h e  Michigan 
Department  of N a t u r a l  Resources .  None o f  t h i s  i n f o r m a t i o n  
h a s  been  a n a l y z e d  i n  d e t a i l  a t  t h i s  t i m e ;  t h e r e f o r e ,  t h e s e  
d a t a  w i l l  n o t  be  d i s c u s s e d  i n  t h i s  r e p o r t .  
DATA STORAGE, RETRIEVAL AND MANIPULATION 
One of  t h e  long  r a n g e  g o a l s  o f  t h e  RANN program a t  t h e  
U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n  i s  t o  d e v i s e  a  
l a k e - r a n k i n g  sys t em based  on s e n s i t i v i t y  t o  c e r t a i n  d e g r e e s  
o f  human impac t .  Under s t and ing  t h e  a s s o c i a t i v e  s t r u c t u r e  
o f  t h e  l a k e s  b a s e d  on s t a t i c  i n t e r p r e t a t i o n s  o f  t h e  p a r a m e t e r s  
b e i n g  measured i s  a  f i r s t  s t e p  toward t h a t  g o a l .  
I n  t h e i r  s t u d y  o f  5 5  F l o r i d a  l a k e s ,  Shannon and Brezon ik  
(1972) used  a  v a r i e t y  o f  a n a l y t i c  t e c h n i q u e s  t o  e l i c i t  
s t r u c t u r e  i n  t h e i r  m u l t i v a r i a t e  d a t a  b a s e ,  and t o  r e d u c e  i t s  
d i m e n s i o n a l i t y .  Seven ty  p e r c e n t  o f  t h e  v a r i a n c e  i n  t h e  d a t a  
c o u l d  b e  e x p l a i n e d  on t h e  f i r s t  a x i s  computed i n  a  p r i n c i p a l  
components a n a l y s i s .  T h a t  a x i s  was d e f i n e d  t o  b e  a  " e u t r o p h i -  
c a t i o n "  s c a l e .  Using t h e  m u l t i v a r i a t e  d a t a  a v a i l a b l e  f o r  
each  l a k e ,  t h e  v a l u e  o f  t h e  f i r s t  p r i n c i p a l  component was 
computed and used  t o  r ank  each  l a k e  on t h e  " e u t r o p h i c a t i o n "  
s c a l e .  T h i s  o r d i n a t i o n  was compared t o  t h e  r e s u l t s  o f  a  
c l u s t e r i n g  a n a l y s i s  performed on t h e  d a t a  b a s e .  The r e s u l t s  
o f  t h e  two t e c h n i q u e s  were shown t o  c o r r o b o r a t e  one a n o t h e r .  
O the r  a s p e c t s  o f  t h e  s t r u c t u r e  o f  t h e  d a t a  b a s e ,  such  a s  
t h e  c o n t r i b u t i o n  o f  independen t  s e t s  o f  v a r i a b l e s  t o  t h e  
" e u t r o p h i c a t i o n "  f u n c t i o n  were deve loped ,us ing  c a n o n i c a l  
c o r r e l a t i o n  and m u l t i v a r i a t e  r e g r e s s i o n  t e c h n i q u e s .  
The g e n e r a l  a n a l y t i c  approach  d e s c r i b e d  above was 
c o n s i d e r e d  t o  b e  a  good model f o r  t h e  i n i t i a l  e f f o r t s  
i n v o l v i n g  t h e  d a t a  b a s e  b e i n g  b u i l t  a t  t h e  U n i v e r s i t y  o f  
Michigan B i o l o g i c a l  S t a t i o n .  The methods i n v o l v e d  
i n  implementing t h e  ana lyses  and o t h e r  a s s o c i a t e d  goa l s  
a r e  d e s c r i b e d  h e r e a f t e r .  
Seve ra l  requirements  needed t o  be met i n  t h e  des ign  
of a  d a t a  base  s t r u c t u r e  s u i t a b l e  f o r  r e s u l t s  being gen- 
e r a t e d  by t h e  RANN program. F i r s t ,  a p p l i c a b i l i t y  t o  t h e  
wide v a r i e t y  of  l imno log ica l  v a r i a b l e s  being measured was 
needed. Second, c o m p a t i b i l i t y  was necessary  between our 
system and t h e  d a t a  f i l e  s t r u c t u r e  used wi th  t h e  I B M  
360/67 machinery and ope ra t i ng  system, c a l l e d  t h e  Michigan 
Terminal System (MTS),at t h e  Un ive r s i t y  of Michigan 
Computing Center .  Th i rd ,  e a se  and cons i s t ency  of access  
and manipu la t ion  by s p e c i a l  purpose so f tware  r o u t i n e s  
was r e q u i r e d .  
A l imno log ica l  datum can be cons idered  a s  dichotomous, 
c o n s i s t i n g  of  : 1 )  a  v a l u e ,  o r  s e t  of va lues  mutual ly  
dependent on one ano the r ,  t o  be c a l l e d  t h e  -- d a t a  u n i t , and 
2 )  t h e  s e t  of  neces sa ry  d e s c r i p t o r s  of  t h e  d a t a  u n i t ,  which 
d i s t i n g u i s h e s  i t  from each and every o t h e r  d a t a  u n i t ,  t o  be  
c a l l e d  t h e  index s e t .  This concept  t i e s  d i r e c t l y  t o  d a t a  
f i l e  o r g a n i z a t i o n  i n  MTS,wherein a  l i n e  o f  in format ion  
( d a t a  u n i t )  i s  i d e n t i f i e d  and sepa ra t ed  from o t h e r  l i n e s  
of  i n fo rma t ion  by a  unique l i n e  number ( i ndex ) .  The F o r t r a n  
I V  programming language,  a s  implemented i n  MTS (Un ive r s i t y  
of  Michigan Computing Cente r  1971; 1973) ,  o f f e r s  d i r e c t  
a cces s  i n p u t / o u t p u t  s t a t emen t s  wi th  analogous s t r u c t u r e .  
For  example : 
READ ( ~ ~ n ~  , n2)  LIST 
WRITE , "2) LIST 
LIST i s  t h e  d a t a  u n i t  w i t h  n  b e i n g  a  d e s c r i p t i o n  o f  i t s  2 
s t r u c t u r e  and ~ l n ~  b e i n g  a  un ique  d e s c r i p t i o n  o f  i t s  
l o c a t i o n  i n  t h e  d a t a  s t o r a g e  s t r u c t u r e .  N' i s  t h e  name 
o f  t h e  d a t a  f i l e  and nl  i s  t h e  l i n e  number i n  t h e  f i l e  
( i n d e x )  a s s o c i a t e d  w i t h  t h e  d a t a  u n i t .  The c o n c e p t u a l  
u n i t y  o f  t h e  g e n e r a l  d a t a  b a s e  s t r u c t u r e  i s  a s  f o l l o w s :  
DATA STORAGE 
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To d a t e ,  t h r e e  t y p e s  of  i n f o r m a t i o n ,  ( p h y s i c a l ,  chemical  
and morpho log ica l  p a r a m e t e r s )  have been i n t e g r a t e d  i n t o  
t h e  d a t a  s t r u c t u r e .  
I t  i s  n e c e s s a r y  t o  s p e c i f y  t h e  l a k e ,  s e a s o n ,  l o c a t i o n  
i n  t h e  l a k e  ( s t a t i o n )  , t y p e  o f  measurement,  and d e p t h  
a s s o c i a t e d  w i t h  t h e  p h y s i c a l  o r  chemical  measurement i n  
o r d e r  t o  d e s c r i b e  each  p i e c e  o f  i n f o r m a t i o n  s u f f i c i e n t l y .  
For  purposes  o f  c o m p a t a b i l i t y  w i t h  t h e  MTS sys tem,  where 
z e r o  and f r a c t i o n a l  v a l u e s  a r e  u n s u i t a b l e  i n d i c e s  i n  t h e  
s o f t w a r e ,  t h e  d e p t h  o f  each  r e a d i n g  and t h e  u n i t s  o f  
measurement were c o n s i d e r e d  t o  be  p a r t  o f  t h e  d a t a  u n i t .  
I t  was n e c e s s a r y  t h a t  r e l a t i v e  dep th  be  s u b s t i t u t e d  f o r  
a b s o l u t e  d e p t h  a s  t h e  index  v e c t o r .  The r e l a t i v e  d e p t h  
was d e s c r i b e d  a s  an  o r d i n a l  v a l u e  w i t h  01 and 0 2  b e i n g  t h e  
f i r s t  and second samples  i n  a  v e r t i c a l  sampl ing  s e t ,  
s e q u e n t i a l l y  t o  t h e  l a s t  (bot tom) sample i n  t h e  p r o f i l e .  
The v a l u e  o f  t h e  bot tom-most  r e l a t i v e  dep th  was r e p l i c a t e d  
a s  a n o t h e r  t y p e  o f  d a t a  u n i t ,  w i t h  an index  s e t  comprised 
of l a k e ,  s e a s o n ,  s t a t i o n  and t y p e  o f  d a t a .  
The comple te  s p e c i f i c a t i o n  o f  a  p i e c e  o f  morphometric 
d a t a  s i m p l y  r e q u i r e s  a  l a k e  and t y p e  d e s c r i p t i o n  w i t h  t h e  
d a t a  u n i t  b e i n g  t h e  v a l u e  o f  t h e  pa ramete r  and u n i t s  o f  
measurement.  
A l l  p h y s i c a l ,  chemical  and morphometr ic  d a t a  were 
coded and typed on punched p a p e r  t a p e  u s i n g  a  33ASR t e l e -  
t y p e w r i t e r  t e r m i n a l .  D e t a i l s  o f  t h e  index  s e t s  and 
cod ing  a p p e a r  i n  Appendix A .  The index  s e t  and d a t a  u n i t  
f o r  b o t h  p h y s i c a l  and chemical  d a t a  a r e  e q u i v a l e n t  s o  t h e s e  
d a t a  can  be  t r e a t e d  t h e  same i n  t h e  d a t a  b a s e  s t r u c t u r e .  
However, s i n c e  b o t h  t h e  morphometr ic  p a r a m e t e r s  and "bottom" 
samples  have  d i f f e r e n t  d a t a  u n i t  s t r u c t u r e  and i n d e x  s e t s ,  
i t  was n e c e s s a r y  t o  d i f f e r e n t i a t e  t h o s e  p a r a m e t e r s  i n  t h e  
d a t a  b a s e  s t r u c t u r e .  T h i s  was done by a s s i g n i n g  t h e s e  d a t a  
t o  a  d i f f e r e n t  f i l e  on MTS. No s y s t e m i c  problem o c c u r e d  
s i n c e  t h e  F o r t r a n  d i r e c t  a c c e s s  s t a t e m e n t  i n c l u d e s  t h e  name 
o f  t h e  f i l e  t o  be  r e a d .  
A r o u t i n e  was w r i t t e n  i n  F o r t r a n  IV t o  r e a d  coded d a t a  
and p l a c e  i t  i n  t h e  d a t a  s t o r a g e  s t r u c t u r e .  The r e a d i n g  
p r o c e s s  f o r  t h e  phys iochemica l  d a t a  was a s  f o l l o w s :  








\ TYPE L 
J RELATIVE DEPTH -M 
I V A R  1 
DEPTH WAR 1 
DATUM  VAR 2 
U N I T  DATA3 
UNITS ~ V A R  3 
The morphometr ic  d a t a  were  r e a d  a s  f o l l o w s :  
CODED DATA LINE 
Bot tom-performed 
f o r  t h e  maximum I 
f o r  each  e r m u t a t i o n  I of I ,  J ,K,[,M 
READ AND INTERNALIZED AS: 
INDEX 
b I 
SET b J 
DATA 1 DATUM b WAR 1 
UNIT UNITS b V A R  2 
number would be computed from the index set according to the 
type of data: I 
Bottom I N D E X  B = L + (K - 1) X 25 + (J - 1) X 125 + (J - 1) X 1251 
Morphometric INDEX M = J + (1-1) X 12 
The above indices are used in the direct access input-output I 
statements to describe the line number of the file to be read 
into or written on. In fact, INDEX is lo3 times the actual 
MTS line number. Bottom data were to be put in a file described I 
by the number 4, physical and chemical by 5 and morphometric I 
by 6. The various data were put in the proper location in I 
the data structure according to the following statements: 
Physical: WRITE ( 5 '  I N D E X  PI 100) VAR 1, VAR 2 ,  VAR 3 
Bottom : WRITE ( 4 '  INDEX B, 101) VAR 1 
Mor~hometric: WRITE ( 6 '  I N D E X  M I  102) VAR 1, VAR 2 
rvhere 100, 101 and 102 are statements defining format 
of the data. 
Once a data base is organized coherently, implementation I 
of access and manipulation using software routines is possible. I 
A small set of programs were written to meet several important 
needs critical to storage, retrieval and manipulation of water 
quality data, First, retrieval of data or subsets of data by I 
F A N N  staff was required. Second, a need for organizing and 
printing neatly tabulated data for documentation purposes and 
dissemination to user groups was deemed important. Third, it 
was necessary to develop specialized subsets of data for 
presentation to analytical programs. 
A conversational data retrieval system was written in 
Fortran IV to meet the first requirement. The basic design 
criterion was to reduce external complexity so that users need 
not be experienced with computer operations in order to 
retrieve data. In order to achieve that criterion, the 
program was written to recognize simple intuitive key words 
used to describe the data to be retrieved. Another portion 
of the program detects classes of input errors and prompts 
the user for corrections. Once a list of key word descriptors 
has been read from the terminal input and assigned internal 
values, an index number is computed and a file number assigned 
for the direct access read statement. The retrieval program 
performs a WRITE operation to the terminal (see Appendix B 
for complete usage descriptions). 
The second requirement was met by writing two programs 
for printing tabular data, one for morphometric data and the 
other for physicochemical data. The output of the morphometric 
data printing program (MOUT) was designed so that the entire 
morphometric data base would be presented on one printed 
page. Using Fortran iteration statements, J is incremented 
12 times for each time I is incremented once, from I = 1 to 
48, i.e., the number of basins to be described. After each -
increment, the INDEX defined by the combination of I and J is 
computed. Then the indexed datum is read from the morpho- 
metric file and the data is printed sequentially on the 
printer page. 
The p h y s i c o c h e m i c a l  d a t a  t a b u l a r  p r i n t i n g  program 
(POUT) u s e s  t h e  same t y p e  of i t e r a t i v e  d i r e c t - r e a d  p r o c e d u r e  
w i t h  an  improvement i n  speed  and e f f i c i e n c y  made p o s s i b l e  by 
t h e  bot tom d a t a  f i l e .  A s  I ,  J ,  K and L a r e  i n c r e m e n t e d ,  
and i n d e x  i s  computed f o r  a  d i r e c t  r e a d  on t h e  bot tom d a t a  
f i l e  t o  d e t e r m i n e  how many measurements were made f o r  t h a t  
combina t ion  o f  i n d i c e s .  I f  a  r e l a t i v e  d e p t h  i s  n o t  found 
f o r  a  p a r t i c u l a r  i n d e x ,  t h e  i t e r a t i o n  c o n t i n u e s  w i t h o u t  
p e r f o r m i n g  f u r t h e r  n o n p r o d u c t i v e  s t e p s .  I f  a  r e l a t i v e  
d e p t h  i s  p r e s e n t ,  t h e n  t h e  v a l u e  o f  t h e  maximum r e l a t i v e  
d e p t h  i s  w e d t o  s p e c i f y  t h e  number o f  s e q u e n t i a l  r e a d i n g s  
o f  t h e  p h y s i c o c h e m i c a l  d a t a  f i l e .  T h i s  s h o u l d  o c c u r  a f t e r  
h a v i n g  indexed  t o  t h e  f i r s t  p o s i t i o n  ( r e l a t i v e  d e p t h )  f o r  a  
p a r t i c u l a r  d a t a  t y p e ,  s t a t i o n ,  s e a s o n  and l a k e .  A b u f f e r  
a r e a  d e s i g n e d  t o  f i t  on one p r i n t e r  page i s  f i l l e d  w i t h  a l l  
p h y s i c a l  and chemica l  d a t a  e x i s t i n g  f o r  one l a k e ,  s e a s o n  and 
s t a t i o n  and i s  t h e n  p r i n t e d .  T h i s  p r o c e d u r e  c o n t i n u e s  w i t h  
s u c c e s s i v e  i n c r e m e n t s  f o r  each  l a k e ,  s e a s o n  and s t a t i o n .  
Our c u r r e n t  o u t p u t  from POUT r e s u l t s  i n  o v e r  300 pages of  
i n f o r m a t i o n .  
The  INDEX^^ d i r e c t - r e a d  c o n c e p t  was c e n t r a l  t o  a l l  t h e  
programs w r i t t e n  i n  s u p p o r t  o f  t h e  t h i r d  r e q u i r e m e n t ,  t h e  
development  o f  d a t a  m a n i p u l a t i o n  c a p a b i l i t i e s .  A s e r i e s  
of programs were  w r i t t e n  t o  p a r t i t i o n  and r e s t r u c t u r e  t h e  
d a t a  b a s e  t o  s u i t  r e q u i r e m e n t s  o f  t h e  a n a l y t i c a l  p rocedures .  
One r o u t i n e  was u s e d  t o  p a r t i t i o n  t h e  d a t a  b a s e  i n t o  f o u r  
s e p a r a t e  s e a s o n a l  d a t a  s e t s ,  each  c o n t a i n i n g  t h e  d a t a  
o b t a i n e d  a t  t h e  c e n t r a l  s t a t i o n  o f  each  l a k e .  Data c o l l e c t e d  
dur ing  May and June 1973 went i n t o  a  Spr ing 1973 d a t a  s e t  
(SPR 73 ) ;  d a t a  c o l l e c t e d  dur ing  J u l y  and e a ~ l y  August i n t o  
a  Summer 1973 s e t  (SUM 7 3 ) ;  and d a t a  c o l l e c t e d  i n  l a t e  
September and October 1973 went i n t o  a  f a l l  1973 d a t a  s e t  
(FALL 73).  The Winter 1974 ( W I N  74) d a t a  s e t  was composed 
of d a t a  c o l l e c t e d  dur ing  February and March 1974. Assembling 
t h e s e  d a t a  s e t s  r e s u l t e d  i n  a  balanced y e a r l y  r e p r e s e n t a t i o n  
of t ime-varying parameters .  
I n  o r d e r  t o  remove t h e  e f f e c t  of t h e  v a r i a b i l i t y  i n  
maximum depth ,  numbers of samples, and dep ths  o f  samples 
from l a k e  t o  l ake / season  t o  season ,  a  s p e c i a l i z e d  program 
was des igned.  I t  s u b s t i t u t e s  one dep th -co r r ec t ed  r e p r e s e n t a t i v e  
parameter  f o r  a l l  t h e  va lues  con ta ined  i n  each v e r t i c a l  
p r o f i l e  s e r i e s .  Using t h i s ,  f o u r  new d a t a  s e t s  were gen- 
e r a t e d  from those  developed i n  t h e  p rev ious  s t e p .  
Each dep th -co r r ec t ed  va lue  was der ived  by t r a p e z o i d a l l y  
i n t e g r a t i n g  t h e  parameter  over i t s  corresponding v e r t i c a l  
p r o f i l e ,  and then d i v i d i n g  t h e  r e s u l t  by t h e  t o t a l  depth  
sampled, a s  de sc r ibed  i n  t h e  fo l lowing  equa t ion :  
where i = r e l a t i v e  depth  index 
j = p a r a n e t e r  index 
IMAX = number of measurements i n  t h e  p r o f i l e  
Z = depth  f o r  indexed r e l a t i v e  depth  and parameter  
D = d a t a  v a l u e  f o r  indexed dep th  and parameter  
A = dep th -co r r ec t ed  va lue  
Depth p r o f i l e s  a r e  n o t  o b t a i n e d  f o r  S e c c h i  d e p t h  and 
c o l o r  measurements ,  s o  t h e s e  d a t a  were d i r e c t l y  t r a n s f e r r e d  
t o  t h e  new d a t a  f i l e s  by t h e  program. Another  e x c e p t i o n  had 
t o  be  made f o r  l i g h t  p e n e t r a t i o n  d a t a  where one computed 
v a l u e ,  t h e  v e r t i c a l  e x t i n c t i o n  c o e f f i c i e n t  (k), c o u l d  r e p r e s e n t  
most  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  l i g h t  t r a n s m i s s i o n  
p r o f i l e s  w i t h  d e p t h .  The e x t i n c t i o n  c o e f f i c i e n t  ( k ) , i s  
d e r i v e d  from t h e  e q u a t i o n  I = I. e  -kx  which d e s c r i b e s  
t h e  a t t e n u a t i o n  o f  l i g h t  w i t h  d e p t h ,  I. b e i n g  t h e  s u r f a c e  
l i g h t  i n t e n s i t y  and 1 b e i n g  t h e  i n t e n s i t y  a t  d e p t h  x .  
A s  t h e  program r e a d  p e r c e n t  l i g h t  t r a n s m i s s i o n  d a t a ,  i t  
was p a s s e d  t o  a  l e a s t  s q u a r e s  r e g r e s s i o n  s u b r o u t i n e  r a t h e r  
t h a n  t o  t h e  i n t e g r a t i o n  p r o c e d u r e .  The v e r t i c a l  e x t i n c t i o n  
c o e f f i c i e n t  K f o r  each  l a k e  j  was computed from t h e  l i g h t  
j  
p e n e t r a t i o n  d a t a  by t h e  s u b r o u t i n e  a c c o r d i n g  t o  t h e  f o l l o w i n g  
e q u a t i o n  : i =n.. i = n j  i = n .  
- ~j E J  Z i j  LnDij - Z i j  g J  D i j  K j  - i=l i=l i=l 
where i = r e l a t i v e  d e p t h  i n d e x  
j = l a k e  i n d e x  
Z i i  = d e p t h  f o r  r e l a t i v e  d e p t h  i n  l a k e  j  - 
D i j  = p e r c e n t  l i g h t  t r a n s m i s s i o n  a t  r e l a t i v e  d e p t h  i 
and l a k e  j  
n j  
= number o f  l i g h t  d a t a  p o i n t s  i n  l a k e  j  
The k v a l u e s  were t h e n  p a s s e d  t o  t h e  a p p r o p r i a t e  l o c a t i o n s  
i n  t h e  new d a t a  f i l e s .  
Year ly  means, ranges  and s t a n d a r d  d e v i a t i o n s  f o r  t h e  
d a t a  t ypes  were c a l c u l a t e d  u s i n g  t h e  d e p t h - c o r r e c t e d  d a t a  
i n  a l l  f o u r  s e a s o n a l  d a t a  f i l e s  a s  t h e  sample p o p u l a t i o n .  
Seasona l  s t a t i s t i c s  were c a l c u l a t e d  by r e g a r d i n g  t h e  d a t a  
g a t h e r e d  w i t h i n  each i n d i v i d u a l  sampling season  a s  be ing  
a  s e p a r a t e  p o p u l a t i o n  (Table 3 ) . The v a l u e s  i n  Table  3 
were c a l c u l a t e d  w i t h  t h e  d e s c r i p t i v e  s t a t i s t i c s  r o u t i n e  
con t a ined  i n  MIDAS (Michigan I n t e r a c t i v e  Data Ana lys i s  
System),developed and suppor ted  by t h e  U n i v e r s i t y  of  
Michigan S t a t i s t i c a l  Research Laboratory  (Fox and Guire 
Un i t s  o f  measure and o r d e r  of  magnitude f o r  each 
parameter  va ry  wide ly .  L inear  a n a l y t i c a l  compounds d e r i v e d  
from such d a t a  would have l i t t l e  obvious meaning. To 
o b v i a t e  t h i s  problem, s t a n d a r d i z a t i o n  of  t h e  v a r i a b l e s  was 
- 
performed accord ing  t o  t h e  e q u a t i o n  - Z i j  - - X i j  
where i = index  d e f i n i n g  t h e  p a r t i c u l a r  l a k e  and season  
j = index  o f  d a t a  t y p e  
x .  = y e a r l y  mean f o r  v a r i a b l e  j  (from Table  3 ) 
s! = y e a r l y  s t a n d a r d  d e v i a t i o n  of  v a r i a b l e  (from Table  3 ) 
xi: = v a l u e  o f  v a r i a b l e  j f o r  a  p a r t i c u l a r  season  i ,  and 
= s t a n d a r d i z e d  v a l u e  of  v a r i a b l e  j  f o r  a  p a r t i c u l a r  
Zij  l a k e  and season  
I n  a d d i t i o n  t o  g e n e r a t i n g  f o u r  s e a s o n a l  d e p t h - c o r r e c t e d  
s t a n d a r d i z e d  d a t a  f i l e s ,  t h e  program averaged each paramete r  
a s  measured i n  each l a k e  over  t h e  f o u r  s ea sons .  I t  then  
passed  t h e  r e s u l t s  through t h e  s t a n d a r d i z a t i o n  s u b r o u t i n e  
TABLE 3A,  D E S C R I P T I V E  S T A T 1  T I C S  rt Pfl7Y ATER Q U A L I  147J fRAMETERS - Y E A R L Y  COMPOSITE F A L L  - W I N T E R  
Variable Mean STD DEV Minimum Maximum 
SECCHI (m) 3.81 
TEMP (m) 12.43 
LITE PEN (-K) 1.57 
TURBID (mg/R) 1.07 
PH 7.76 
DISS 02 (%SAT) 77.48 
ALKALIN (mg/R) 114.76 
CONDUCT (pmhos/cm) 239.85 
CA (mg/R) 29.23 
MG (mg/R) 10.87 
K (mg/R) 0.69 
NA (mg/k) 2.88 
CHLORO- a (mg/m3) 28.11 
SI02 (vg/R) 1950.90 
PHOS-SOL (vg/R) 16.28 
PHOS-TOT (pg/R) 24.56 
N03-N (I..%/&) 122.65 
NH3-N (pg/R) 114.15 
PHAEOPIG (mg/m3) 5.22 
COLOR (F-U) 14.87 
TABLE 3B, DESCRIP 1475 S T A T I S T I C S  ON WATER Q U A L I T Y  PARAMETERS - S P R I N G  
Variable Mean STD DEV Minimum Maximum 
SECCHI (m) 3.83 
TEMP (m) 13.33 
PH 7.87 
DISS 02 (%SAT) 88.05 
ALKALIN (mg/R) 112.57 
CONDUCT (pmhos/cm) 229.73 
CA (mg/R) 27.15 
MG (mg/R) 9.02 
K (mg/t) .59 
NA (mg/R) 2.07 
SI02 (vg/R) 1009.90 
PHOS-SOL (pg/R) 6.87 
PHOS-TOT (pg/R) 9.17 
N03-N (pg/R) 106.95 
NH3-N (pg/R) 39.47 
COLOR (F-U) 14.80 
TABLE 3C8 DESCRIP I 4Y5  S T A T I S T I C S  ON WATER Q U A L I T Y  PARAMETERS - SUMMER 
V a r i a b l e  Mean STD DEV Minimum Maximum 
SECCHI (m) 3 . 7 1  
TEMP (m) 2 0 . 2 5  
LITE PEN (-K) 1 . 2 9  
TURBID (mg/R) 1 . 2 9  
PH 8 . 0 3  
DISS 0 2  (%SAT) 8 6 . 2 5  
ALKALIN (mg/R) 1 0 0 . 8 2  
CONDUCT (jimhos/cm) 2 2 2 . 3 2  
CA (mg/R) 3 0 . 1 1  
MG (mg/R) 1 2 . 0 4  
K (mg/R) . 6 1  
NA (mg/&) 2 . 2 0  
S I 0 2  (ug /R)  2 0 5 2 . 0 0  
PHOS-SOL (ug /R)  1 8 . 9 3  
PHOS-TOT (pg/R)  3 1 . 0 3  
N03-N (llg/R) 7 5 . 3 3  
NH3-N (vg /R)  6 6 . 7 6  
COLOR (F-U) 1 4 . 8 7  
TABLE 3D8 DESCR P V E  S T A T I S T I C S  ON WATER Q U A L I T Y  PARAMETERS - 
F A L L  i 9 f j  
V a r i a b l e  Mean STD DEV Minimum Maximum 
SECCHI (m) 3 . 6 9  
TEMP (m) 1 3 . 0 7  
PH 7 . 7 7  
DISS  0 2  (%SAT) 8 1 . 0 6  
ALKALIN (mg/R) 1 1 2 . 3 2  
CONDUCT (umhos /cm)  2 3 7 . 7 4  
CA (mg/g)  2 3 . 8 4  
MG (mg/R) 1 0 . 5 9  
K (mg/R) , 7 0  
NA (mg/R) 2 . 7 8  
S I 0 2  (ug /R)  2 3 6 8 . 3 0  
PHOS- SOL ( p g / R )  2 1 . 6 4  
PHOS-TOT (pg /R)  3 5 . 3 7  
N 0 3 - N  ( ~ g / k )  8 4 . 7 3  
NH3-N (pg /R)  4 6 . 8 6  
COLOR (F-U) 1 5 . 5 4  
TABLE 3E, D E S C R I P T  S T A T I S T I C S  ON WATER Q U A L I T Y  PARAMETERS - 
W I N T E R  1 4% 
V a r i a b l e  Me an STD DEV Minimum Maximum 
SECCHI (m) 4 . 0 4  
TEMP (m) 2 . 8 1  
LITE PEN ( -K)  1 . 8 5  
TURBID (mg/R) . 8 7  
PH 7 . 4 0  
DISS  0 2  (%SAT) 5 5 . 2 8  
ALKALIN (mg/R) 1 3 2 . 5 5  
CONDUCT (umhos /cm)  2 6 8 . 4 7  
CA (mg/R) 3 5 . 6 9  
MG (mg/R) 1 1 . 8 4  
K (mg/R) . 8 6  
NA Cmg/R) 4 . 3 4  
CHLORO- a (mg/m3) 2 5 . 1 1  
s I o 2  2 3 5 4 . 6 0  
PHOS-SOL ( u g / R )  1 7 . 5 6  
PHOS-TOT (pg /R)  2 2 . 6 1  
N03-N (lJg/R) 2 2 0 . 7 5  
NH3-N ( u g / R )  2 9 9 . 1 7  
PHAEOPIG (mg/m3) 5 . 2 2  
COLOR (F-U) 1 4 . 1 9  
t o  form a  d a t a  base  composed of YEARLY dep th -co r r ec t ed  
s t anda rd i zed  averages  f o r  each parameter  and l a k e ,  sampled 
c o n s i s t e n t l y  from season t o  season .  The f i v e  d a t a  f i l e s  i n  
t h i s  form were t h e  bases  f o r  a l l  subsequent a n a l y s i s ,  wi th  
minor r e fo rma t t i ng  done t o  o r i e n t  t h e  d a t a  t o  s u i t  p a r t i c u l a r  
i npu t  requirements  f o r  each p a r t i c u l a r  a n a l y t i c a l  program. 
The fo l lowing  ana lyses  were performed on each of t h e  
f i v e  d a t a  s e t s :  
C o r r e l a t i o n  c o e f f i c i e n t s :  The c o r r e l a t i o n  ma t r ix  was 
c a l c u l a t e d  and used i n  each of t he  o t h e r  ana lyses  mentioned,  
bu t  t h e  programs involved do no t  p r i n t  t h e  ma t r ix  a s  p a r t  
t h e i r  ou tpu t .  To enab le  d i r e c t  examination of p a i r - w i s e  
c o r r e l a t i o n s ,  t h e  CORRELATE r o u t i n e  con ta ined  i n  MIDAS was 
used t o  gene ra t e  t h e  ma t r i ce s  (Fox and Guire 1973) .  
P r i n c i p a l  components: The PRINCOM r o u t i n e  con ta ined  
i n  MIDAS was used t o  compute t h e  f i r s t  three p r i n c i p a l  components. 
1.f d i s p a r a t e  magnitudes and u n i t s  of  measurement a r e  
involved i n  an a n a l y s i s ,  t h e  method of  c a l c u l a t i n g  t h e  
e igenvalues  o f  a  c o r r e l a t i o n  m a t r i x  de r ived  from sample d a t a  
expressed  a s  u n i t  va r i ances  i s  p r e f e r r e d  t o  t h e  . cova r i ance  
ma t r ix  procedure  (Morrison 1967).  Appropr ia te  modes were 
s p e c i f i e d  f o r  t h e  PRINCOM r o u t i n e .  Values f o r  t h e  f i r s t  
t h r e e  p r i n c i p a l  components de r ived  from t h e  YEARLY d a t a  s e t  
were computed f o r  each l a k e  u s ing  i t s  d e s c r i p t i v e  d a t a  i n  t h e  
y e a r l y  f i l e .  These va lues  were then  assembled i n  a  d a t a  
f i l e ,  and a r e  shown i n  Table 4 .  
TABLE 4, VALUES OF THE F I R S T  THREE PR N C I P A L  COMPONENTS ALCULATED FROM A M A T R I X  i E OF YEARLY AVERAGE VALUES OF 6 PARAMETERS FOR 3 LAKES 
COMPONENT COMPONENT 
L a k e  F i r s t  S e c o n d  T h i r d  L a k e  F i r s t  S e c o n d  T h i r d  
A r n o  t t - 1 . 7 3  - 3 . 3 0  - 1 . 3 3  Mud - 2 . 1 5  - 1 . 0 6  - 1 . 3 2  
B l a c k  - 1 . 4 0  0 . 0 4  - 0 . 4 0  S p r i n g  - 3 . 3 7  - 2 . 0 8  - 1 . 9 5  
B r y a n t  ' s 5 . 3 7  - 0 . 7 0  - 1 . 2 5  M u l l e t t  - 1 . 7 5  0 . 0 8  0 . 6 9  
B u r t  - 1 . 9 2  0 . 2 1  0 . 6 6  Munro  0 . 2 2  0 . 1 7  0 . 5 0  
C a r p  0 . 5 8  0 . 3 8  - 0 . 7 5  Osmun - 0 . 1 4  1 . 0 6  - 0 . 3 4  
C o c h r a n  1 . 1 0  1 . 4 0  0 . 4 2  
C r o o k e d  - 1 . 5 4  - 0 . 3 3  - 0 . 3 8  
D e v e r e a u x  2 . 1 8  0 . 9 6  1 . 0 7  
Do g  1 . 7 0  0 . 6 3  - 1 . 7 0  
F r e n c h  Farm - 0 . 8 3  0 . 7 2  - 0 . 1 1  
Hoop 5 . 5 4  - 0 . 7 9  - 0 . 9 7  
L a r k s  - 0 . 5 8  - 0 . 2 2  0 . 4 1  
L a n c a s t e r  - 0 . 8 1  - 1 . 9 9  - 1 . 1 2  
L a n c e  1 . 4 0  - 5 . 0 6  2 . 2 0  
L i v i n g s  t o n  5 . 2 2  0 . 2 3  - 1 . 7 6  
Long 0 . 0 6  - 0 . 0 4  1 . 0 2  
McLavey - 0 . 0 9  0 . 9 0  - 0 . 5 8  
Mud Bog 0 . 5 1  0 . 4 6  - 1 . 4 9  
P i c k e r e l  - 1 . 5 6  - 0 . 4 3  - 0 . 1 8  
R o b e r t s  0 . 1 1  1 . 0 6  - 0 . 2 5  
Round - 1 . 1 6  - 0 . 2 4  - 0 . 0 6  
S i l v e r - C  - 0 . 4 7  0 . 5 0  2 . 7 3  
S i l v e r - B  - 1 . 7 0  0 . 7 7  1 . 2 9  
Twin -A  - 2 . 7 2  0 . 9 1  1 . 6 1  
Twin -D  - 1 . 9 0  0 . 6 4  1 . 0 6  
T w i n -  G - 1 . 8 0  0 . 1 5  1 . 3 6  
T w i n - I s o l .  1 . 0 8  1 . 5 8  1 . 1 9  
V i n c e n t  3 . 4 6  1 . 8 4  - 0 . 1 1  
Weber  3 . 3 6  1 . 5 5  0 . 5 7  
Wi ldwood  0 . 1 6  0 . 0 9  - 0 . 1 9  
Wycamp - 1 . 8 0  - 0 . 2 9  - 0 . 8 5  
S t o n e y  C r .  - 0 . 7 7  - 0 . 5 6  - 1 . 6 2  
C l u s t e r i n g ;  A c l u s t e r i n g  program w r i t t e n  by G o l d s t e i n  
and G r i g a l  (1972) was u s e d  t o  o b t a i n  an approx ima te ,  one-  
d i m e n s i o n a l  i n i t i a l  r e d u c t i o n  o f  t h e  hyperd imens iona l  r e l a t i o n -  
s h i p s  e x i s t i n g  between and among t h e  l a k e s .  Va lues  from a  
c o r r e l a t i o n  m a t r i x  c a l c u l a t e d  a s  a  p r o d u c t  o f  a  column 
c e n t e r e d  d a t a  m a t r i x  and i t s  t r a n s p o s e  were  used  a s  s i m i l a r i t y  
c o e f f i c i e n t s  by t h e  c l u s t e r i n g  method. The program s t a r t s  
w i t h  each  l a k e  b e i n g  i n  a  s e p a r a t e  g roup .  The p a i r  o f  g roups  
h a v i n g  t h e  h i g h e s t  v a l u e  i n  t h e  c o r r e l a t i o n  m a t r i x  a r e  j o i n e d  
t o  form one group.  A s i n g l e ,  unweighted a v e r a g e  v a l u e  i s  
computed f o r  each  p a r a m e t e r  f o r  t h e  new group u s i n g  t h e  d a t a  
v a l u e s  f o r  t h e  two o l d  groups  from t h e  d a t a  m a t r i x .  These 
two s e t s  o f  v a l u e s  i n  t h e  d a t a  m a t r i x  a r e  r e p l a c e d  by t h e  one 
s e t  o f  newly computed v a l u e s .  A new c o r r e l a t i o n  m a t r i x  i s  
computed from t h e  r e d u c e d  d a t a  m a t r i x ,  and t h e  p r o c e d u r e  i s  
r e p e a t e d .  A f t e r  a s  many i t e r a t i o n s  a s  t h e r e  a r e  l a k e s ,  a l l  
l a k e s  w i l l  be i n c l u d e d  i n  one g roup .  
I n  a d d i t i o n  t o  t h e  f i v e  b a s i c  d a t a  s e t s ,  a  c l u s t e r i n g  
was per formed on t h e  d a t a  s e t  compr ised  o f  v a l u e s  f o r  t h e  
f i r s t  t h r e e  p r i n c i p a l  components of  t h e  YEARLY d a t a  s e t .  
A t h r e e - d i m e n s i o n a l  p h y s i c a l  model was b u i l t ,  w i t h  e a c h  o f  
t h e  t h r e e  axes  o f  t h e  model c o r r e s p o n d i n g  t o  a  p r i n c i p a l  
component. The v a l u e s  o f  t h e  components f o r  each  l a k e ,  t a k e n  
from T a b l e  4 , w e r e  used  t o  p o s i t i o n  t h e  l a k e  i n  t h e  model .  
The groups  produced a t  t h e  e i g h t - g r o u p  l e v e l  by t h e  c l u s t e r i n g  
program, u s i n g  t h e  p r i n c i p a l  component d a t a ,  were d i f f e r e n t i a t e d  
on t h e  p h y s i c a l  model by marking t h e  members o f  each  g roup  w i t h  
an i d e n t i f y i n g  c o l o r  coded map p i n .  
B . TERRESTRIAL 
The t e r r e s t r i a l  s e c t i o n  of t h e  Nor the rn  Michigan Env i ron-  
m e n t a l  Resea rch  Program h a s  p r o g r e s s e d  on t h r e e  f r o n t s :  n u t r i e n t  
a n a l y s e s  of ground w a t e r ,  an i n v e n t o r y  of  l a k e  s h o r e l i n e  s o i l s ,  
and c o m p i l a t i o n  of a  n u t r i e n t  ( n i t r o g e n  and phosphorus)  budge t  
f o r  s e l e c t e d  l a k e s  i n  t h e  s t u d y  a r e a .  Most p r o g r e s s  h a s  been  
made on t h e  ground w a t e r  a n a l y s e s .  Consequen t ly ,  i t  i s  appro -  
p r i a t e  t o  d i s c u s s  t h e  methods and r e s u l t s  f o r  t h o s e  a n a l y s e s  
i n  s e p a r a t e  s e c t i o n s .  S o i l s  and n u t r i e n t  budge t  d a t a ,  however ,  
a r e  b o t h  p r e l i m i n a r y  a n d ,  t h e r e f o r e ,  t h e i r  methods and r e s u l t s  
w i l l  b e  d i s c u s s e d  t o g e t h e r  a s  p r o g r e s s  t o  d a t e  i n  t h e  R e s u l t s  
and D i s c u s s i o n  s e c t i o n  o f  t h i s  r e p o r t .  
S i t e  S e l e c t i o n  
Ground w a t e r  was a n a l y z e d  from 2 0 0  w e l l s  l o c a t e d  t h r o u g h o u t  
Cheboygan and Emmet Coun t i e s  ( f i g u r e  4 1. We a t t e m p t e d  t o  sample 
ground w a t e r  under  a  v a r i e t y  o f  l a n d  bsages .  Samples were 
o b t a i n e d  i n  t h e  p r e d o m i n a t e l y  a g r i c u l t u r a l  Black  R i v e r  v a l l e y  
(A) , t h e  marshy I n d i a n  R i v e r  a r e a  (B) , t h e  up land  c a t t l e  g r a z i n g  
l a n d s  i n  n o r t h e r n  Emmet County (C) , i n  an a r e a  known t o  have h i g h  
n u t r i e n t  l o a d i n g  from t h e  s p r a y  e f f l u e n t  o f  t h e  Harbor  S p r i n g s  
sewage t r e a t m e n t  f a c i l i t y  ( D )  , and a  r e l a t i v e l y  u n d i s t u r b e d  
f o r e s t e d  a r e a  (E) . I n  a d d i t i o n ,  Long, Devereaux,  Cochran and 
S i l v e r  (Wilmont Township) Lakes were s p e c i f i e d  a s  a r e a s  o f  
p a r t i c u l a r  i n t e r e s t .  One hundred  and s i x t y  w e l l s  were s e l e c t e d  
from t h e s e  a r e a s .  The r emain ing  40  w e l l s  were randomly s e l e c t e d  
from s u r r o u n d i n g  a r e a s  ( X )  t o  d e t e r m i n e  background l e v e l s  moving 
i n t o  and o u t  o f  t h e  s t u d y  r e g i o n  (figure 4 ). 
FIGURE 4 The major  sampl ing a r e a s  i n  t h e  ground w a t e r  s u r v e y .  
A = a g r i c u l t u r a l  o rchards -mixed  f a rms ,  B=urban deve lopment ,  C =  
a g r i c u l t u r a l  f a rms ,  D=spray e f f l u e n t  p l a n t  a r e a ,  E = f o r e s t e d .  
(NOTE:  X r e f e r e s  t o  background sampl ing a r e a s  o u t s i d e  major  
s t u d y  a r e a )  
S p e c i f i c  w e l l s  i n  t h e s e  s t u d y  a r e a s  were s e l e c t e d  p r i m a r i l y  
from w e l l  d r i l l e r s '  l o g s  t h a t  a r e  on f i l e  a t  S t a t e  o f  Michigan 
H e a l t h  Department  d i s t r i c t  o f f i c e s  i n  Pe toskey  and Cheboygan. 
These  l o g s  g i v e  i n f o r m a t i o n  on w e l l  l o c a t i o n ,  d e p t h ,  s i z e  and 
t h e  s t r a t a  th rough  which t h e  w e l l  was d r i l l e d .  I n  a d d i t i o n  t o  
t h o s e  chosen from w e l l  l o g s ,  a  number of  w e l l s  a t  S t a t e  of  
Michigan a g e n c i e s  ( s t a t e  p a r k s ,  e t c . )  were s e l e c t e d  f o r  sam- 
p l i n g .  I t  was a l s o  n e c e s s a r y  t o  choose a  number of  w e l l s  by 
d i r e c t  f i e l d  o b s e r v a t i o n  i n  n o r t h - c e n t r a l  Emmet County. T h i s  
was an a r e a  c o n s i d e r e d  n e c e s s a r y  f o r  s t u d y ,  b u t  f o r  which no 
w e l l  l o g s  were  a v a i l a b l e .  I n f o r m a t i o n  about  d e p t h  of  t h e s e  
w e l l s ,  and p e r h a p s  t h e  y e a r  i n  which t h e y  were d r i l l e d ,  was 
o b t a i n e d  d i r e c t l y  from t h e  w e l l  owners .  
We g e n e r a l l y  avo ided  choos ing  more t h a n  two o r  t h r e e  w e l l s  
p e r  s e c t i o n  (one m i L ) .  Wel ls  were  chosen  by examina t ion  of 
t h e  c a t e g o r i z e d  a r e a s  on t h e  map and ma tch ing  w e l l  l o c a t i o n s  
g i v e n  i n  t h e  l o g s .  The r emain ing  w e l l s  o u t s i d e  of t h e  main 
sample  a r e a s  were chosen  s i m i l a r l y ,  b u t  were w i d e l y  s e p a r a t e d .  
Dur ing  t h e  a c t u a l  c o u r s e  of t h e  sampl ing  p r o c e s s ,  an 
a d d i t i o n a l  1 3  w e l l s  were  added t o  t h e  l i s t .  These were w e l l s  
of  s p e c i f i c  i n t e r e s t  t o  t h e  l o c a l  u s e r  community. Thus ,  a  
t o t a l  o f  2 5 0  w e l l s  were made a v a i l a b l e  f o r  a n a l y s e s  by e a r l y  
summer. A c t u a l  s ampl ing  began i n  J u n e ,  1974.  Approximate ly  
2 0 0  o u t  of  t h e  2 5 0  w e l l s  were  sampled e a c h  month d u r i n g  J u n e ,  
J u l y  and Augus t .  
A l l  sample b o t t l e s  were washed p r i o r  t o  sample c o l l e c t i o n  
w i t h  4N s u l f u r i c  a c i d  and r i n s e d  i n  d e i o n i z e d  w a t e r .  The maj-  
o r i t y  of  t h e  samples  were t a k e n  d i r e c t l y  from t h e  i n s i d e  o r  
o u t s i d e  w a t e r  f a u c e t  of  a  househo ld  o r  b u s i n e s s .  D u p l i c a t e  
samples  were t a k e n  from each  l o c a t i o n .  The f a u c e t  was t u r n e d  
on and l e t  run  one minute  p r i o r  t o  c o l l e c t i n g  t h e  sample .  The 
b o t t l e s  were r i n s e d  o u t  t w i c e  i n  t h e  t a p  w a t e r  b e f o r e  t h e  a c t u a l  
c o l l e c t i o n  was made. I t  s h o u l d  be  n o t e d  t h a t  s t a n d a r d  i r o n  
p i p e  used  i n  w e l l  c o n s t r u c t i o n  r u s t s  on p r o l o n g e d  c o n t a c t  w i t h  
m o i s t u r e ,  t h u s  r e d u c i n g  c o n c e n t r a t i o n s  of  o r t h o p h o s p h a t e - p h o s -  
p h o r u s .  However, w a t e r  q u a l i t y  t e s t s  on i r o n  v e r s u s  p l a s t i c  
p i p e  by T a b a t a b a i  and Fenton  (1974) o b s e r v e d  no e f f e c t  o f  i r o n  
p i p e  on n i t r a t e - n i t r o g e n  c o n c e n t r a t i o n .  Exper iments  a t  o u r  
l a b o r a t o r y  have  shown l i t t l e  r e d u c t i o n  i n  c a t i o n  c o n c e n t r a t i o n s  
due t o  i r o n  p i p e  d e t e r i o r a t i o n  p r o v i d i n g  t h e  w a t e r  was a l l o w e d  
t o  f low f r e e l y  th rough  t h e  p i p e  f o r  one minute  p r i o r  t o  sampl ing .  
A few samples  were t a k e n  d i r e c t l y  from t h e  o u t l e t  p i p e s  of  
a r t e s i a n  o r  f l o w i n g  w e l l s .  A d d i t i o n a l  samples  were  t a k e n  where 
i t  was p o s s i b l e  t o  o b t a i n  b o t h  a  sample  from t h e  f a u c e t  and 
a l s o  from e i t h e r  a  f l o w i n g  w e l l  bypass  p i p e ,  o r  between t h e  w e l l  
pump and t h e  s y s t e m ' s  s t o r a g e  t a n k .  T h i s  a l lowed  some compar isons  
t o  b e  made between t h e  c o n t e n t  of  t h e  w a t e r  a s  i t  came o u t  o f  
t h e  w e l l ,  e i t h e r  n a t u r a l l y  o r  pumped, and i t s  c o n t e n t  a f t e r  
i t  had  been  t h r o u g h  a  w a t e r  s t o r a g e  and p r e s s u r e  sys t em.  
A f t e r  c o l l e c t i o n ,  t h e  b o t t l e s  were  p u t  on i c e  i n  a  s t y r o -  
foam c o o l e r .  A l l  samples  were  f r o z e n  w i t h i n  s i x  h o u r s  a f t e r  
c o l l e c t i o n ,  s t o r e d  and a n a l y z e d  w i t h i n  two months.  
During t h e  c o l l e c t i o n  p r o c e s s ,  t h e  w e l l  owners were  a sked  
i f  t h e i r  w a t e r  sys t em i n c l u d e d  any k i n d  o f  p r e s s u r e / s t o r a g e  
t a n k ;  w h e t h e r  o r  n o t  t h e  w a t e r  was t r e a t e d  o r  f i l t e r e d  i n  any 
way; and what  t y p e ,  o r  t y p e s ,  (3 p i p i n g  e x i s t e d  i n  t h e  plumbing 
s y s t e m .  N o t a t i o n  was a l s o  made of  t h e  g e n e r a l  l a n d - u s e  p a t t e r n s  
i n  t h e  immediate  v i c i n i t y  of t h e  w e l l .  
Because o f  l o g i s t i c a l  problems d u r i n g  t h e  w i n t e r  months 
and redundancy of  v a l u e s  i n  some a r e a s ,  i t  was d e c i d e d  t o  r e -  
duce t h e  number of  w e l l s  sampled by 75 p e r c e n t  a f t e r  t h e  summer 
sampl ing  p e r i o d .  C o n s e q u e n t l y ,  50 w e l l s  w i l l  be sampled i n  
Sep tember ,  November and F e b r u a r y .  A f u l l  s ampl ing  program w i l l  
s t a r t  a g a i n  i n  A p r i l ,  p r i o r  t o  s p r i n g  thaw. The f i n a l  c h o i c e  of  
t h e  50 w e l l s  was b a s e d  on a  number o f  f a c t o r s .  Summer d a t a  
i n f o r m a t i o n  was used  t o  l o c a t e  a r e a s  t h a t  e x h i b i t e d  h i g h e r  
n u t r i e n t  l e v e l s ,  a s  w e l l  as  t h o s e  t h a t  seemed t o  be  q u i t e  low 
i n  a l l  v a l u e s .  I n  a d d i t i o n ,  w e l l s  were chosen  from a r e a s  of 
i n t e r e s t  t o  t h e  l o c a l  u s e r  community. 
A r ev iew of t h e  1974 d a t a  w i l l  be  u t i l i z e d  i n  d e c i s i o n s  on 
t h e  number and a r e a s  of sampl ing  f o r  t h e  1975-76 program. Focus 
w i l l  b e  p l a c e d  on t h o s e  a r e a s  where t h e  a q u a t i c  and t e r r e s t r i a l  
s e c t i o n s  of t h i s  s.tudy need  t o  i n t e g r a t e  t h e i r  e f f o r t s ,  and a l s o  
on t h o s e  a r e a s  of s p e c i f i c  community i n t e r e s t .  
Lab Ana lyses  
C a t i o n  a n a l y s e s  ( c a l c i u m ,  magnesium, p o t a s s i u m  and sodium) 
were  comple ted  f o l l o w i n g  s t a n d a r d  p r o c e d u r e s  o f  a tomic  a b s o r p -  
t i o n  s p e c t r o p h o t o m e t r y  (Pe rk in -E lmer  19 73) . A Technicon a u t o -  
a n a l y s e r  was u s e d  t o  a n a l y z e  n i t r a t e - n i t r o g e n ,  ammonia-n i t rogen ,  
o r t h o p h o s p h a t e - p h o s p h o r u s  , i r o n  and c h l o r i d e .  N i t r a t e  was 
a n a l y z e d  Ly t h e  G r e i s - I l s o v a y  r e a c t i o n  and i s  r e p o r t e d  as  
n i t r a t e - n i t r o g e n  (EPA 19 7 1 ) .  The B e r p h e l o t  r e a c t i o n  was used  
t o  a n a l y z e  ammonia-n i t rogen  (EPA 1971) . A f t e r  manual d i g e s t i o n ,  
phosphorous  was a n a l y z e d  u s i n g  t h e  molybdate  r e a c t i o n ,  and i r o n  
by t h e  p e r s u l f a t e  o x i d a t i o n  technique (EPA 1971).  Chlor ide  
ana lyse s  fol lowed s t anda rd  techniques  (EPA 1971).  Twenty 
pe rcen t  of t h e  t o t a l  samples were s e l e c t e d  randomly f o r  
f i l t e r i n g  through a  0 . 4 5 ~  pore s i z e  f i l t e r  i n  o rde r  t o  t e s t  
f o r  p o s s i b l e  i n c r e a s e s  i n  n u t r i e n t  va lues  due t o  p a r t i c u l a t e s .  
The t e s t  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  l e v e l s  (p < 0.05) 
between f i l t e r e d  and u n f i l t e r e d  samples.  The f i l t r a t i o n  w i l l  
be cont inued a s  a check on one pe rcen t  of  t h e  new samples.  
C. SOCIAL 
Definition -- of the Population -- to be Studied 
The universe sampled included heads-of-household and 
their spouses occupying housing units (Huts) around the 
inland lakes and rivers of Emmet and Cheboygan Counties; in 
addition, households on those portions of two lakes that 
overlap adjacent counties (Presque Isle and Charlevoix) were 
also included. We designed our study to include residents 
who live near, although not directly adjacent to, the water's 
edge, as well as riparians. Direct experience of the study 
staff as well as discussion with area officials, scientists, 
and interested citizens led us to believe that backlot 
development was extensive and expanding, that it accounted 
for a significant portion of recent development around the 
waterways, and that such property would likely be the site 
of a large part of future development activity. River resi- 
dents were included in our population since it was presumed 
that one of the chief attractions of their property is its 
accessibility to the lakes (as well as the whole inland 
waterway in three of five cases), and because their activities-- 
e.g., dredging and filling, fishing, sewage treatment--impact 
the lakes. Again, as with the decision to include back- 
lotters, the decision to include river residents was arrived 
at based on staff experience and consultation with scientists, 
officials and interested citizens familiar with the region. 
Estimating the Number - of Housing Units 
We looked long and hard but were unable to find a 
pre-existing count of HU's for the lakes or rivers. We 
began by contacting area planning officials; this exercise 
turned up some 1972 sewer authority maps for two of the 
study lakes, with small boxes allegedly representing 
houses, and inventories of housing on selected Emrnet County 
lakes which were of unknown reliability. We contacted 
regional electric companies for estimates of hook-ups on 
the lakes, but all we could get from this source was the 
field engineer's best guess. Census data did not distin- 
guish lake from non-lake property, so was of little help 
although a guess for Cheboygan County lakes based on census 
data by an area planner turned out to be remarkably close 
to our final estimate. Geological Survey topographic maps 
of the area indicate houses, but were made in 1957 and so 
were far out of date. For Cheboygan County we attempted to 
draw a count from the tax rolls, but the buildings were 
neither adequately mapped nor described. Many of the tax 
maps were in very rough shape, and the process of moving from 
the tax map to the legal description of the property, with a 
judgment to be made as to whether any given assessment indi- 
cated a building, was excessively cumbersome. 
Finally, we struck on the notion of using aerial 
photographs of the lakes. Of the several possibilities, we 
found most current and usable the 24" x 24" blow-ups of the 
August, 1973, Agriculture Stabilization and Conservation 
Service (ASCS) flyover of the region. The scale of these 
prints is 1":6601. As the pictures were taken with trees 
and other vegetation in full growth, counting residential 
structures was often quite challenging. In many cases, 
all we could go by were the docks extending out into the 
lakes, or driveway traces. Due to time constraints it was 
necessary to press four different staff members into service 
in counting lake and river-oriented structures. Although 
some of us were more conservative or liberal in our esti- 
mates, the variation was not striking in the cases where 
we re-counted each other's work. 
We counted structures, using the criteria to be 
mentioned in the next section, between readily identifiable 
geographical points, such as a road intersection, the tip 
of a peninsula, stream mouths, or extreme vegetational dis- 
continuities, as when old field growth abruptly gave way to 
heavy woods or an orchard abutted cleared land. 
Delineation - of Study Area 
Since we wanted to capture as much as possible of what 
we believed was significant backlot development, while 
avoiding asking water-related questions of people who 
couldn't be expected to answer them intelligently, we 
finally decided to include in our sampling frame all HU's 
within one-quarter mile of the water's edge. With the 
quarter-mile distance as our basic criterion, we added the 
following refinements. 
1. In the case of lakes, where a primary road (a road 
which carries more traffic than that generated by 
the properties confronting it) ran within the 
quarter-mile zone roughly parallel to the lake 
(most of the lakes in the area are ringed by such 
through-traffic roads), we included both the water- 
front HU's and those backlot HU's with driveway 
access to the road. 
2. For lakes, if more than one primary road existed, 
we took only waterfront Huts and those backlot 
units with driveways onto the primary road nearest 
the water. 
3. In the case where a village or town was located on 
the lake, we included only those houses directly 
abutting the water's edge. Although none of the 
lake-fronting villages in our sample are legally 
incorporated, we followed this "waterfront-only" 
ruling in several cases where, based on experience 
and the advice of others familiar with the area, it 
would have been inappropriate to adhere to our other 
criteria. Specifically, we counted waterfront prop- 
erties only for the villages of Walloon Lake (Walloon 
Lake); Conway and Oden (Crooked Lake); Carp Lake 
(Paradise Lake); Indian River (Burt Lake); Topinabee, 
Mullet Lake and Aloha (Mullet Lake). 
4. For rivers we decided to include all HU's within 
one-quarter mile of the water's edge, provided there 
was some physical access to the river in evidence, 
such as a path or road, boat ramp or dock. 
5. Where rivers flow through villages, towns, or other 
dense housing, we took only riparian properties. 
This rule was followed in dealing with the villages 
of Alanson (Crooked River) and Indian River (Indian 
and Sturgeon Rivers). 
6. We specifically excluded from our universe those 
dwellings on the Cheboygan River within the city 
limits of Cheboygan, the only incorporated city, in 
our study area, that has inland waterway frontage. 
Following these rules, we counted structures on the 
aerial photograph enlargements, and arrived at the estimates 
presented in T a b l e  2. 
Sampling 
We wanted to compare the responses of people in households 
along several dimensions--small versus big lakes; lakes versus 
rivers; relatively oligotrophic versus eutrophic lakes; Emmet 
versus Cheboygan Counties--and to look at attitudes and 
behavior while considering several of these dimensions 
simultaneously. Thus, in order to minimize the impact of 
error variance on our analysis, we required a relatively 
large number of interviews. From these as well as budgetary 
considerations, we decided to aim for a sample of approxi- 
mately 800 interviews. Assuming an 80 percent response rate, 
we would need to attempt interviews at 1000 HU's. Our final 
sampling rate was 1/4.9. 
For several reasons, we decided to divide our total 
population into clusters and sample on that basis rather than 
interviewing at every nth house. In the first place, we 
wanted to carry out some micro-neighborhood analyses, and 
these would have been virtually impossible without cluster 
sampling. Secondly, we wished to avoid having to list the 
entire population, both because of time and money constraints 
and because of the arousal of interest we anticipated it might 
cause in the area. Finally, we felt that by clustering we 
could assure a coverage rate (HU's located by interviewers) 
of close to 100 percent. We recognized the potential dis- 
torting effect that pre-knowledge of the questionnaire by 
some of the respondents might have, but it was our judgment 
that this consideration did not outweigh the ones favoring a 
clustering approach. As it turned out, an unexpected advan- 
tage of cluster sampling in this case was that during the 
course of the summer our interviewers soon became neighborhood 
fixtures, and satisfied respondents would voluntarily inform 
them as to the whereabouts of other householders--something 
very useful in a setting where people come and go as 
irregularly and frequently as they do in the lake recreation 
community. Finally, in many cases an interviewer would 
approach a house, and be welcomed immediately, often before 
he had even introduced himself, because the respondent had 
heard about the study from the neighbors. Needless to say, 
in a few cases the advance warning may have scared off the 
respondent, but since the nonresponse rate in our study was 
so close to the 20 percent anticipated, it seems doubtful 
that this was an important effect. 
We decided that for purposes of our planned micro- 
neighborhood analyses, clusters of from 12 to 15 housing 
units would be best. In that case we would have on the order 
of 100 clusters to distribute around the lakes and rivers we 
wanted to study. In order to get down to geographically 
identifiable groups of 12 to 15 structures, it was necessary 
in many cases to return to the aerial photos and search for 
cluster-defining geographical features, since the first round 
counting had left us with numerous groups of one hundred or 
more cottages stretched along the shore. In quite a few 
cases it was impossible to break the segment down by this 
method, with the result that the entire group had to be listed. 
In order to insure the possibility of examining the 
relationships of selected study variables to water quality 
conditions, the sample was stratified according to a ranking 
supplied by the Biological Station limnologist. 
Listing 
In ten whirlwind days at the end of May, two of the staff 
members listed and mapped every housing unit (except for 
motels and hotels, in which case only the owner's unit was 
taken) in the selected segments. For each HU, an identifying 
description was provided, and its approximate location was 
indicated on a segment map. The segments were numbered--100 
series for Cheboygan County; 200 series for Emmet County lakes; 
300 series for rivers--and plotted on a large map of the region. 
The listing process disclosed the impact on our estimates 
of the tree coverage at the time of the aerial photographs. 
The lakes and rivers for which structures were estimated from 
the aerial photographs showed field-listed structures to be 
more numerous than we estimated by an average ratio of 1.28 to 
1. In many instances we had fallen far short of the actual 
number of HU's; in a few cases, for example, we had estimated 
about 20 and actually found 60 HU1s. In the case of these 
large listings, the segments were subsampled. 
Selecting the Respondent 
We listed approximately 1220 HU's. For every listing we 
made up a coversheet with a pre-designated respondent, either 
the head of the household or the wife, alternately throughout 
the sample. At the end of a week's training, the interviewers 
were assigned segments, on the criterion of geographic proximity, 
and corresponding maps, listing sheets and coversheets. 
The interviewer's sampling task was as follows. He had 
to locate the sample segment and verify the accuracy of the 
listing. For each structure he had first to determine the 
number of housing units. Basically, a housing unit is a room 
or group of rooms in which the occupants live and eat apart 
from any others, and which has a separate entrance and 
kitchen facilities. Short-term motels, hotels, camps, 
overflow cabins, tent quarters, recreational vehicles and 
institutional quarters were excluded, except for motel, hotel 
or institution owners', resident managers' or other employees' 
housing units. 
Once he had determined which structures contained housing 
units, the interviewer was to attempt an interview with the 
designated respondent at all occupied housing units. To 
eliminate a housing unit because it was unoccupied, the inter- 
viewer was supposed to try to obtain an interview on three 
separate occasions, well spaced by time of day, day of week, 
and month of the summer. In fact, as our interviewers were 
returning again and again to their segments, and occupation 
was usually readily discernible, most of those housing units 
which we decided were unoccupied had been observed throughout 
the summer. Final calls in most cases were not made until 
 his definition differs slightly from that of the Census 
Bureau, which specifies either a separate entrance or 
cooking facilities. We purposefully tightened the E i -  
terion in order to minimize the potential influence of 
overflow cabins, bunkhouses and other such unusual 
dwellings. 
the last week or two of the summer. 3 
In occupied housing units the interviewer was to begin 
by identifying the head of the household, or his wife, as 
pre-designated by the coversheet. We anticipated there 
would be numerous instances of multiple family residence, 
and therefore provided the interviewers with the following 
rules for determining the "head in residence": 
1. If the owner of the property is in residence, he/she 
is the head. 
2. If there is one person in the primary family unit, 
he/she is the head. 
3. If there is - one married couple in the household, 
then the husband is the head. 
4. In cases where there is more than one family unit, 
ask: 
"Which man (or woman) knows the most about 
this place, that is, who can best answer 
some questions about this place?" 
If your informant can single out one person in 
response to this question, then that person is the 
'vacant HU1s were thus defined in practice as Huts without 
indications of active habitation (e.g., cars, laundry, land- 
scaping changes) on three calls. This procedure for deter- 
mining vacancy differs from that of the Census Bureau, which 
decides on the basis of one call. We adopted this approach 
because of the extreme irregularity of summer home use by 
seasonal residents. To get the same number of interviews 
following Census Bureau procedures would have required far 
more extensive listing. 
head. If the informant cannot single out one 
person, go to rule number 5. 
5. Ask, "Which one of you is older?". Person who is 
the oldest is the head. 
We also assumed that in a recreation-resort context 
during the summer months there might be difficulties in 
finding the designated respondent at home. Insofar as 
possible our goal was to interview an equal number of hus- 
bands and wives, but as budgetary considerations would not 
permit infinite call backs, we settled on the following rules. 
1. If the designated respondent was temporarily 
away--e.g., fishing, shopping, visiting neighbors-- 
we attempted to make an appointment for an inter- 
view. 
2. If, on the third attempt, the interviewer still 
had not contacted the designated respondent, he 
was instructed to take the spouse. 
3. If the designated respondent was to be absent for 
an extended period--e.g., husband remaining in 
Detroit to work while wife and child(ren) vacationed-- 
the interviewer was instructed to take the spouse. 
While we were unable to provide an exhaustive set of 
contingencies for respondent selection, we supplied the 
interviewers with the following list of examples and instructed 
them to contact the field supervisor if they encountered other 
situations. 
(a) if "Wife" is indicated and the head is unmarried, 
you are to interview the head; 
(b) if "Wife" is indicated and the head of the household 
is a female, you are to interview her; 
(c) if the "Head" is indicated but he is unavailable 
after three calls, an interview with the wife is 
preferable to a nonresponse; 
(d) if the "Wife" is indicated, but she is unavailable 
after three calls, an interview with the head is 
preferable to a nonresponse; 
(e) if the "Head" is indicated but is unavailable after 
three calls and has no wife (listed) - and there is a 
married couple living in the HU (listed on the 
listing box), an interview with the husband is 
preferable to a nonresponse; 
(f) if the "Wife" is indicated but is unavailable after 
three calls and has no husband (listed) - and there 
is a married couple living in the HU (listed on the 
listing box), an interview with the wife <s prefer- 
able to a nonresponse. 
I V .  RESULTS AND DISCUSSION - PROGRESS TO DATE 
A .  AQUATIC 
NATURAL RESOURCE INVENTORY 
One o f  t h e  most u r g e n t  needs  i n  any n a t u r a l  r e s o u r c e  
management program aimed a t  p r e s e r v i n g  l o n g - t e r m  w a t e r  
q u a l i t y  i n  i n l a n d  l a k e s  i s  an a c c u r a t e ,  u p - t o - d a t e  n a t u r a l  
r e s o u r c e  i n v e n t o r y .  The n a t u r a l  r e s o u r c e  d a t a  b a s e  f o r  
t h e  I n l a n d  Water Route r e g i o n  i s  i n c o m p l e t e ,  w i t h  l i m i t e d  
a v a i l a b l e  d a t a  s c a t t e r e d  i n  many o b s c u r e  p l a c e s .  Pe r sons  
r e s p o n s i b l e  f o r  n a t u r a l  r e s o u r c e  management i n  t h e  r e g i o n  
s t r o n g l y  f e e l  t h a t  a  comple te  n a t u r a l  r e s o u r c e  i n v e n t o r y  
i s  u r g e n t l y  needed i n  o r d e r  t h a t  management d e c i s i o n s  
c a n  b e  based  upon f a c t s ,  n o t  j u s t  i n t u i t i o n .  
The o b j e c t i v e  o f  Phase  I  o f  o u r  p r o j e c t  i s  t o  com- 
p i l e  a  n a t u r a l  r e s o u r c e  i n v e n t o r y  f o r  t h e  1 a k e s . a n d  t h e i r  
w a t e r s h e d s  i n  n o r t h e r n  lower Michigan and t o  p u t  i t  i n  a  
form most u s e f u l  t o  n a t u r a l  r e s o u r c e  managers a t  l o c a l ,  
r e g i o n a l  and s t a t e  l e v e l s  o f  government .  P r o g r e s s  on 
t h i s  p o r t i o n  o f  t h e  p r o j e c t  h a s  been  e x c e l l e n t  and i s  
n e a r  c o m p l e t i o n .  A g e n e r a l  d e s c r i p t i o n  o f  t h e  n a t u r a l  
f e a t u r e s  (geography ,  g e o l o g y ,  s o i l s ,  v e g e t a t i o n ,  c l i m a t e ,  
and h i s t o r y  o f  l a n d - u s e )  o f  t h e  s t u d y  a r e a  i s  b e i n g  p r e -  
p a r e d  a s  a  s e m i - t e c h n i c a l  r e p o r t  g e a r e d  t o  t h e  g e n e r a l  
p u b l i c  ( s e e  I n f o r m a t i o n  U t i l i z a t i o n  S e c t i o n  o f  t h i s  r e p o r t ) .  
A d e t a i l e d  w a t e r s h e d  map h a s  been  c o n s t r u c t e d  f o r  l a k e s  
i n  t h e  s t u d y  a r e a ,  and l a n d - u s e  c l a s s i f i c a t i o n  w i t h i n  each  
w a t e r s h e d  i s  b e i n g  c a t e g o r i z e d  and mapped u s i n g  remote  
s e n s i n g  t e c h n i q u e s .  The U n i v e r s i t y  o f  Michigan B i o l o g i c a l  
S t a t i o n  h a s  l aunched  a  j o i n t  p r o j e c t  w i t h  Bendix Aerospace  
Systems D i v i s i o n  on a c o n t r a c t  w i t h  NASA t o  u t i l i z e  ERTS 
s a t e l l i t e  d a t a  f o ~  l a n d - u s e  c l a s s l f i c a t i o n  i n  n o r t h e r n  
lower Michigan .  Da ta  on human r i p a r i a n  p o p u l a t i o n  i n  t h e  
s t u d y  a r e a  i s  b e i n g  compi led  from v a r i o u s  s o u r c e s ,  t h e  most  
i m p o r t a n t  o f  which a re  l a k e s h o r e  r e s i d e n t  i n t e r v i e w s  con-  
d u c t e d  d u r i n g  t h i s  p r o j e c t  ( s e e  S o c i a l  S c i e n c e  s e c t i o n  o f  
t h i s  r e p o r t ) ,  
The main emphasis  o f  o u r  i n v e s t i g a t i o n s  h a s  f o c u s e d  
on an i n v e n t o r y  o f  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  
i n l a n d  l a k e s  i n  Cheboygan and Emmet C o u n t i e s .  Work com- 
p l e t e d  t o  d a t e  i n c l u d e s  l a k e  mapping,  computa t ions  o f  
morphometr ic  d a t a ,  and t h e  c o l l e c t i o n  and a n a l y s e s  o f  
n e a r l y  two y e a r s  o f  q u a r t e r l y  w a t e r  q u a l i t y  d a t a  on 38 
l a k e s .  Th i s  phase  of  o u r  work w i l l  be  comple ted  f o l l o w i n g  
t h e  w i n t e r  s u r v e y ,  1975. 
Compi la t ion  o f  d a t a  i n t o  t e c h n i c a l  r e p o r t s  f o r  n a t u r a l  
r e s o u r c e  managers i s  c u r r e n t l y  underway, and a  s e r i e s  o f  
s e m i - t e c h n i c a l  r e p o r t s  on each  l a k e  i s  p l a n n e d  f o r  t h e  
g e n e r a l  p u b l i c .  Summaries o f  t h e  morphometr ic  and 
phys icochemica l  c h a r a c t e r i s t i c s  o f  l a k e s  i n  t h e  s t u d y  a r e a  
a r e  i n c l u d e d  i n  t h e  n e x t  s e c t i o n s .  
Lake w a t e r s h e d s  
The l i m n o l o g i s t  i n t e r e s t e d  i n  l a k e  problems c a n n o t  
l i m i t  h i s  i n v e s t i g a t i o n  j u s t  t o  l a k e  w a t e r ,  Impact  on t h e  
w a t e r  body,  no m a t t e r  whe the r  i t  o r i g i n a t e s  n a t u r a l l y  o r  
c u l t u r a l l y ,  comes p r i m a r i l y  from t h e  w a t e r s h e d .  I t  i s  
s u r p r i s i n g  t h a t  d e t a i l e d  w a t e r s h e d  maps do n o t  e x i s t  f o r  
most l a k e s  i n  f i o r t h e r n  Mich igan ,  i n c l u d i n g  t h o s e  i n  
t h e  s t u d y  a r e a .  C o n s e q u e n t l y ,  we p r e p a r e d  w a t e r s h e d  
boundary  maps f o r  a l l  l a k e s  w i t h i n  t h e  I n l a n d  Water 
Route r e g i o n  ( f i g u r e  5 ) .  These maps have  a l r e a d y  
p roven  i n v a l u a b l e  i n  t h e  i n t e r p r e t a t i o n  of  l i m n o l o g i c a l  
d a t a  and i n  d i s c u s s i o n  o f  e n v i r o n m e n t a l  problems w i t h  
t h e  l o c a l  p u b l i c  a s  w e l l  a s  n a t u r a l  r e s o u r c e  managers 
i n  t o w n s h i p ,  c o u n t y ,  r e g i o n a l ,  and s t a t e  g o v e r n m n t a l  
a g e n c i e s  ( s e e  I n f o r m a t i o n  U t i l i z a t i o n  s e c t i o n  o f  t h i s  
r e p o r t ) .  
Most o f  t h e  l a n d  a r e a  i n  n o r t h e r n  lower  Michigan 
d r a i n s  e v e n t u a l l y  i n t o  t h e  I n l a n d  Water Route l a k e s ;  
P i c k e r e l ,  Crooked,  B u r t ,  M u l l e t ,  and Black Lakes ( f i g -  
u r e  5 ) .  These  l a k e s  a r e  a l l  i n t e r c o n n e c t e d  by r i v e r s .  
Water moving t h r o u g h  t h i s  sys t em f i n a l l y  f lows  th rough  
t h e  Cheboygan R i v e r  and empt i e s  i n t o  Lake Huron. Ex- 
c e p t i o n s  a r e  C h a r l e v o i x ,  S u s a n ,  Walloon,  Wycamp, O t N e a l ,  
Lawrence, Carp ,  and French  Farm Lakes which d r a i n  d i -  
r e c t l y  i n t o  Lake Michigan ,  and Lake S i x t e e n  which d r a i n s  
d i r e c t l y  i n t o  Lake Huron. A g e n e r a l  n o r t h w e s t  t o  s o u t h -  
e a s t  o r i e n t a t i o n  o f  many o f  t h e  s m a l l e r  w a t e r s h e d s  can  
be  o b s e r v e d ,  s i n c e  t h i s  was t h e  ma jo r  d i r e c t i o n  o f  g l a -  
c i a l  a c t i v i t y  i n  t h e  r e g i o n  thousands  o f  y e a r s  ago .  
( f i g u r e  5 ) .  
I t  i s  most i m p o r t a n t ,  from a  n a t u r a l  r e s o u r c e  man- 
agement p o i n t  o f  v iew,  t o  r e a l i z e  t h a t  t h e  e x t e n t  and 
c o n f i g u r a t i o n  o f  t h e  d r a i n a g e  b a s i n  h a s  l i t t l e  o r  no r e -  
l a t i o n  t o  t h e  morphology and morphometry o f  t h e  l a k e  b a -  
FIGURE 5 Watersheds  of  i n l a n d  l a k e s  i n  n o r t h e r n  lower  
Mich igan .  The heavy l i n e s  t r a c e  t h e  w a t e r s h e d  
b o u n d a r i e s  and t h e  t h i n  l i n e s  t r a c e  t h e  c o u r s e  
of  major  s t r e a m s .  
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s i n  i t s e l f .  Some o f  t h e  s m a l l e s t  l a k e s  (e .g . ,  Lancas-  
t e r  Lake) have  l a r g e  w a t e r s h e d s  and c o n v e r s e l y ,  some 
l a r g e  l a k e s  have  s m a l l  w a t e r s h e d s  ( e .  g .  , Walloon Lake) . 
Depending upon d r a i n a g e  and s e e p a g e  p a t t e r n s ,  some 
l a k e s  ( e . g . ,  B u r t ,  M u l l e t t ,  and Black Lakes) a r e  l o c a t e d  
i n  t h e  n o r t h e r n m o s t  p o r t i o n  of  t h e i r  w a t e r s h e d s ,  w h i l e  
o t h e r s  ( e . g .  , Carp and Susan Lakes) a r e  found i n  t h e  
w e s t e r n  p o r t i o n  o f  t h e i r  w a t e r s h e d s , w h i l e  s t i l l  o t h e r s  
( e . g . ,  Douglas and L a n c a s t e r  Lakes) a r e  l o c a t e d  i n  t h e  
e a s t e r n  p o r t i o n  o f  t h e i r  w a t e r s h e d s .  Some s m a l l  d r a i n -  
age  ( e .  g .  , Twin, Cochran,  and Osmun Lakes) and s m a l l  . 
s e e p a g e  l a k e s  ( e .  g. , Weber, S i l v e r  i n  Wilmot Township,  
and V i n c e n t  Lakes)  d r a i n  o n l y  a s m a l l  a r e a  o f  l a n d  n e a r  
t h e  l a k e s h o r e .  On t h e  o t h e r  hand ,  some of t h e  l a r g e s t  
l a k e s  ( e . g .  , B u r t ,  M u l l e t t ,  and Black  Lakes) d r a i n  
v a s t  a r e a s  o f  n o r t h e r n  lower  Michigan ,  encompassing 
p a r t s  o f  f i v e  c o u n t i e s .  
The i r r e g u l a r  b o u n d a r i e s  o f  l a k e  w a t e r s h e d s  i n  no 
way re semble  t h e  p r e d o m i n a t e l y  r e c t a n g u l a r  b o u n d a r i e s  
o f  p o l i t i c a l  u n i t s  o f  government r e s p o n s i b l e  f o r  n a t -  
u r a l  r e s o u r c e  management i n  t h e  s t u d y  a r e a .  For  example,  
a  l a k e  may l i e  i n  one coun ty  and i t s  w a t e r s h e d  may l i e  
a l m o s t  e n t i r e l y  i n  an  a d j a c e n t  c o u n t y .  Some townships  
may b e  l o c a t e d  f a r  away from a  p a r t i c u l a r  l a k e  b u t  nev-  
e r t h e l e s s  b e  p a r t  o f  t h a t  l a k e ' s  w a t e r s h e d .  The l a r g e s t  
l a k e s  i n  t h e  s t u d y  a r e a  have w a t e r s h e d s  t h a t  encompass 
dozens o f  townsh ips  and s e v e r a l  c o u n t i e s .  I t  i s  c r i t -  
i c a l l y  important  t h a t  township and county o f f i c i a l s  
r e s p o n s i b l e  f o r  n a t u r a l  resource  management be aware 
of  watershed boundar ies  and use t h i s  in format ion  i n  
l and-use  d e c i s i o n  making. S ince  l ake  watersheds  c r o s s  
s o  many p o l i t i c a l  boundar ies ,  i t  i s  important  t o  r e a l -  
i z e  t h a t  r e g i o n a l  o r  even s t a t e - w i d e  coo rd ina t ion  of 
l and-use  p lann ing  w i l l  be necessary  i f  long- term en-  
v i ronmental  q u a l i t y  i s  t o  be mainta ined i n  t h e  f a c e  
of  i n c r e a s i n g  human development and impact i n  n o r t h e r n  
lower Michigan. A d e t a i l e d  watershed map such as  p r e -  
s en t ed  i n  Figure  5 can be one of t h e  most important  
t o o l s  a v a i l a b l e  t o  t h e  l and -use  p l anne r .  We a r e  c u r -  
r e n t l y  i n  t h e  p rocess  of p r epa r ing  a  book le t  f o r  n a t -  
u r a l  r e sou rce  managers ,present ing t h e  watershed map t o  
g e t h e r  w i th  a  s e r i e s  of  t r a n s p a r e n t  ove r l ay  maps de-  
p i c t i n g  p o l i t i c a l  boundar ies  and p r e s e n t  l and -use  
c h a r a c t e r i s t i c s  of t h e  s tudy  a r e a  ( s ee  In format ion  
U t i l i z a t i o n  s e c t i o n  of t h i s  r e p o r t ) .  
Morphometric F e a t u r e s  -- of Lakes 
Morphometric c h a r a c t e r i s t i c s  of l a k e  b a s i n s  can 
a l s o  be va luab l e  in format ion  f o r  t h e  n a t u r a l  resource  
manager. Some b a s i c  morphological  and morphometric 
f e a t u r e s  of l akes  a r e  important  de te rminan ts  i n  t h e  
s e n s i t i v i t y  of  a  g iven  wa te r  body t o  adverse  change 
by human impact.  B a s i c a l l y ,  t h e s e  f e a t u r e s  a r e  ex-  
t remely s imp le ,  b u t  have never been e f f e c t i v e l y  u t i -  
l i z e d  by n a t u r a l  r e sou rce  managers i n  l and -use  p l a n -  
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n i n g  i n v o l v i n g  i n l a n d  l a k e s .  Large l a k e s  u s u a l l y  have 
a  g r e a t e r  c a p a c i t y  t o  w i t h s t a n d  human development  t h a n  
s m a l l  l a k e s  s i m p l y  b e c a u s e  o f  t h e  d i l u t i o n  f a c t o r  a v a i l -  
a b l e  i n  t h e  g r e a t e r  volume o f  w a t e r .  Shal low l a k e s  gen-  
e r a l l y  can  w i t h s t a n d  human development  b e t t e r  t h a n  deep 
l a k e s  due t o  a  combina t ion  of  morphometr ic  and chemi- 
c a l  f a c t o r s .  I n  s h a l l o w  l a k e s  t h a t  do n o t  t h e r m a l l y  
s t r a t i f y  i n  summer, phosphorus  p r e c i p i t a t e s  i n t o  t h e  
s e d i m e n t s  and i s  u n a v a i l a b l e  f o r  i n c o r p o r a t i o n  i n t o  
b i o l o g i c a l  and geochemica l  c y c l i n g  w i t h i n  t h e  a q u a t i c  
ecosys tem.  I n  d e e p e r  l a k e s ,  which do t h e r m a l l y  s t r a -  
t i f y  and where oxygen d e p l e t i o n  o c c u r s  i n  t h e  hypolim- 
n i o n ,  phosphorus  i s  r e l e a s e d  from t h e  s e d i m e n t s  and 
becomes a v a i l a b l e  f o r  c y c l i n g  w i t h i n  t h e  l a k e .  
Hardness  o f  t h e  w a t e r  i s  a l s o  an i m p o r t a n t  f a c -  
t o r  h e r e .  C o p r e c i p i t a t i o n  o f  phosphorus  o c c u r s  i n  
h a r d  w a t e r  l a k e s  h a v i n g  h i g h  amounts o f  c a l c i u m  c a r -  
b o n a t e .  Such c o p r e c i p i t a t i o n  does n o t  r e a d i l y  o c c u r  
i n  s o f t  w a t e r  l a k e s .  Consequen t ly ,  s o f t  w a t e r  l a k e s  
a r e  more s u s c e p t i b l e  t o  n u t r i e n t  l o a d i n g  t h a n  h a r d  
w a t e r  l a k e s .  
S h o r e l i n e  l e n g t h  i n  r e l a t i o n  t o  s u r f a c e  a r e a  o f  
t h e  l a k e ,  and t h e  r a t i o  o f  l a n d  s u r f a c e  i n  t h e  w a t e r -  
s h e d  a r e a  t o  l a k e  s u r f a c e  a r e a  a r e  i m p o r t a n t  morpho- 
m e t r i c  f e a t u r e s  which have  b e a r i n g  on s e n s i t i v i t y  o f  
l a k e s  t o  change .  The s h o r e l i n e  development  f a c t o r  i s  
a  s i m p l e  morphometr ic  p a r a m e t e r  which has  been  used  by 
l i m n o l o g i s t s  t o  c h a r a c t e r i z e  t h e  s h o r e l i n e s  o f  l a k e s  
f o r  many d e c a d e s .  I t  compares t h e  l e n g t h  o f  t h e  
s h o r e l i n e  o f  a  l a k e  t o  t h a t  of  a  c i r c l e  h a v i n g  t h e  
same a r e a  a s  t h e  l a k e .  Lakes which have  an i r r e g u l a r  
s h o r e l i n e  f e a t u r i n g  many prominent  b a y s ,  p o i n t s  and 
o t h e r  s h o r e l i n e  p r o j e c t i o n s  have a  h i g h e r  s h o r e l i n e  
development  f a c t o r  t h a n  t h o s e  l a k e s  w i t h  s i m p l e  s h o r e -  
l i n e s  most r e s e m b l i n g  a  c i r c l e .  I n  g e n e r a l ,  l a k e s  
w i t h  h i g h e r  s h o r e l i n e  development  f a c t o r s  have  g r e a t e r  
p o t e n t i a l  f o r  over -development  by humans b e c a u s e  t h e y  
have l o n g e r  s h o r e l i n e s  r e l a t i v e  t o  t h e  s u r f a c e  a r e a  
o f  t h e  l a k e .  A l s o ,  l a k e s  w i t h  l a r g e r  s h o r e l i n e  d e -  
velopment  f a c t o r s  a r e  o f t e n  i n  a  more advanced s t a t e  
o f  e u t r o p h y  due t o  t h e  e x i s t e n c e  of p r o d u c t i v e  l i t -  
t o r a l  a r e a s  i n  s h a l l o w ,  p r o t e c t e d  embayments. Depen- 
d i n g  upon s o i l  t y p e s  and ground w a t e r  c h a r a c t e r i s t i c s ,  
l a k e s  w i t h  l a r g e  w a t e r s h e d  a r e a s  r e l a t i v e  t o  l a k e  s u r -  
f a c e  a r e a  have  g r e a t e r  s e n s i t i v i t y  t o  a d v e r s e  change 
by human impact  t h a n  l a k e s  w i t h  s m a l l  w a t e r s h e d s .  
Another  s a l i e n t  f e a t u r e  o f  l a k e  s e n s i t i v i t y  i s  
t h e  f l u s h i n g  r a t e  o r  w a t e r  r enewa l  t i m e .  T h i s  i s  t h e  
amount o f  t ime  i t  t a k e s  t o  f l u s h  o u t  an  e x i s t i n g  v o l -  
ume o f  l a k e  w a t e r  and r e p l a c e  i t  w i t h  i n f l o w i n g  w a t e r .  
Lakes w i t h  f a s t  f l u s h i n g  t i m e s  ( r a p i d l y  f l o w i n g  i n f l u e n t  
and e f f l u e n t  s t r e a m s )  can  u s u a l l y  m a i n t a i n  h i g h e r  wa- 
t e r  q u a l i t y  i n  t h e  f a c e  o f  a d v e r s e  human impact  t h a n  
can  l a k e s  w i t h  s low f l u s h i n g  t i m e s .  Dra inage  l a k e s  n o r -  
m a l l y  have  f a s t e r  f l u s h i n g  t i m e s  t h a n  s e e p a g e  l a k e s .  
An approx ima te  c a l c u l a t i o n  o f  t h e  f l u s h i n g  r a t e  of 
d r a i n a g e  l a k e s  can  b e  made by d i v i d i n g  t h e  l a k e  v o l -  
ume by  t h e  f low r a t e  a t  t h e  o u t l e t s .  T h i s  i n f o r m a t i o n  
can  b e  r e a d i l y  o b t a i n e d  by a  n a t u r a l  r e s o u r c e  manage- 
ment agency w i t h  a  s i m p l e  f low m e t e r  f o r  s t r e a m  f l o w  
measurements ,  and a  h y d r o g r a p h i c  map of  t h e  l a k e  from 
which l a k e  volume can  b e  c a l c u l a t e d .  F l u s h i n g  r a t e s  
f o r  s e e p a g e  l a k e s  a r e  more d i f f i c u l t  t o  o b t a i n  s i n c e  
d e t a i l e d  i n f o r m a t i o n  on ground w a t e r  c h a r a c t e r i s t i c s  
i s  r e q u i r e d .  
The f o l l o w i n g  i s  a  b r i e f  accoun t  o f  t h e  b a s i c  mor- 
p h o m e t r i c  f e a t u r e s  o f  t h e  l a k e s  i n  t h e  s t u d y  a r e a .  Em- 
p h a s i s  w i l l  be  p l a c e d  on t h o s e  morphometr ic  f e a t u r e s  
h a v i n g  v a l u e  i n  d e t e r m i n i n g  t h e  r e l a t i v e  s e n s i t i v i t y  o f  
t h e s e  l a k e s  t o  a d v e r s e  change by human impac t .  Those 
l a k e s  w i t h i n  t h e  I n l a n d  Water Route w a t e r s h e d  w i l l  b e  
d i s c u s s e d  f i r s t ,  f o l l o w e d  by t h o s e  l a k e s  i n  t h e  s t u d y  
a r e a  which d r a i n  d i r e c t l y  i n t o  Lake Michigan and t h e  
S t r a i t s  o f  Mackinac. 
The Crooked Lake Watershed  -
Crooked Lake, Emrnet County ,  h a s  a  long  h i s -  
t o r y  o f  development  and i s  c u r r e n t l y  one o f  t h e  
most p o p u l a t e d  l a k e s  i n  t h e  s t u d y  a r e a ,  s u s t a i n i n g  
317 d w e l l i n g  u n i t s  on i t s  s h o r e s  ( T a b l e  2 ) .  I t  
h a s  t h e  f o u r t h  h i g h e s t  s h o r e l i n e  development  f a c -  
t o r  ( 2 . 9 6 )  i n  t h e  s t u d y  a r e a .  Crooked Lake i s  r e l -  
a t i v e l y  l a r g e  ( s u r f a c e  a r e a  of  9 6 0  h a )  and moder- 
a t e l y  deep  (mean and maximum d e p t h s  of  3 . 0  and  
18.6  m ,  r e s p e c t i v e l y )  (Table 5 ) .  I t  i s  a p t l y  named 
s i n c e  i t s  s h o r e l i n e  i s  e x t r e m e l y  i r r e g u l a r  (figure 5 ) .  
I t s  immediate  w a t e r s h e d  i s  l a r g e  (11 ,194 ha )  and s i n c e  
Round, Mud, and P i c k e r e l  Lakes d r a i n  i n t o  Crooked Lake ,  
i t  has  a  t o t a l  w a t e r s h e d  o f  26,409 h a .  Crooked Lake 
h a s  been  i d e n t i f i e d  a s  t h e  l a k e  most s e r i o u s l y  a f f e c t e d  
by human impact  w i t h i n  t h e  s t u d y  a r e a .  I n  o r d e r  t o  
a l l e v i a t e  n u t r i e n t  l o a d i n g  p rob lems ,  a  sewer  l i n e  i s  
c u r r e n t l y  b e i n g  i n s t a l l e d  a long  t h e  n o r t h  s h o r e  and 
p l a n s  have been  made t o  sewer  t h e  s o u t h  s h o r e  a l s o .  
Round Lake,  Emmet County,  i s  s i t u a t e d  a t  t h e  w e s t e r n -  
most p o r t i o n  o f  t h e  I n l a n d  Water Route w a t e r s h e d .  I t  
l i e s  c l o s e  t o  L i t t l e  T r a v e r s e  Bay and t h e  c i t y  o f  P e t o s k e y  
(figure 5 . I t  i s  s e p a r a t e d  from L i t t l e  T r a v e r s e  Bay 
by a s e r i e s  of  s a n d  dunes .  The l a k e  i s  r e l a t i v e l y  s m a l l  
( s u r f a c e  a r e a  of  133.2 ha)  and s h a l l o w  (mean and maximum 
d e p t h s  of 1 . 6  and 4 . 1  m ,  r e s p e c t i v e l y )  (Table  5 . I t s  
e p i t h e t  i s  p r o p e r  s i n c e  t h e  l a k e  i s  r a t h e r  round a s  r e -  
v e a l e d  by a  low (1.26) s h o r e l i n e  development  f a c t o r .  We 
e s t i m a t e  t h a t  a  t o t a l  of  65 d w e l l i n g  u n i t s  a r e  l o c a t e d  
a l o n g  i t s  s h o r e s .  I t s  w a t e r s h e d  i s  n o t  l a r g e  ( 1 , 5 5 1  ha)  and 
i n c l u d e s  t i n y  Mud Lake l o c a t e d  t o  t h e  s o u t h w e s t .  Mud Lake 
i s  v e r y  s m a l l  ( s u r f a c e  a r e a  of  6 . 0  ha )  and s h a l l o w  (mean and 
maximum d e p t h s  of  0 . 8  m and 3.0 m ,  r e s p e c t i v e l y )  ( T a b l e  5 ) .  

Only a few dwelling units are located on the shoreline 
of Mud Lake, but highway M-131 traverses near i t s  western 
shore, and is becoming heavily developed with commercial 
establishments. 
A small seepage lake, known as Spring Lake, is located 
next to Mud Lake. It Is small (2.8 ha in surface area) 
and shalllow (mean and maximum depths of 0.7 m and 2.7 m, 
respectively). It has a small watershed of 139 ha (TabZe 5 1 ,  
There are no dwellings on its shores, but commercial 
development is encroaching near the lake on its south and 
west sides. 
pickerel Lake, Emmet County, is located southeast of 
Crooked Lake and flows into it by way of the short Pickerel- 
Crooked Channel (figure 5 ) .  Pickerel Lake is about one- 
half as large as Crooked Lake and is slightly deeper 
(Table 5 ) .  A large segment of the Pickerel Lake shoreline 
is in state ownership and the remainder of the shoreline 
is only moderately developed with 122 dwelling units 
(TabZe 2 ) .  The watershed of Pickerel Lake encompasses 
13,664 ha. Although nutrient loading from cultural 
sources has not been identified as a problem in Pickerel 
Lake, its ,south shore is slated for a sewer along with 
the south shore of Crooked Lake. 
The Burt Lake Watershed --- 
Water from Round, Crooked and Pickerel Lakes flows 
eventually through the Crooked River to Burt Lake. The 
S t u r g e o n  and Maple R i y e ~ s  axe  ma jo r  t r i b u t a r i e s  t o  Bur t  
Lake, i n  a d d i t i o n  t o  Crooked R i v e r  Cfi'gure 5 l ,  Burt Lake, 
Cheboygan County,  i s  t h e  f o u r t h  l a r g e s t  l a k e  i n  t h e  s t a t e  
and h a s  a  s u r f a c e  a r e a  o f  6 ,848 h a  (Table  5 ) .  I t  i s  
r e l a t i v e l y  deep  w i t h  mean and maximum d e p t h s  of  1 2 . 0  m 
and 2 2 . 2  m r e s p e c t i v e l y  (Table 5 ) .  I t  has  s e v e r a l  l a r g e  
bays  and t h e r e f o r e  h a s  a  r e l a t i v e l y  h i g h  s h o r e l i n e  deve lop-  
ment f a c t o r .  I t  a l s o  has  t h e  l o n g e s t  s h o r e l i n e  ( 5 2 . 3  km) 
o f  a l l  l a k e s  i n  t h e  s t u d y  a r e a  e x c e p t  Lake C h a r l e v o i x ,  and 
t h e r e f o r e  h a s  p o t e n t i a l  f o r  heavy human development .  Bes ides  
a  l a r g e  t r a c t  of l a n d  on t h e  n o r t h  s h o r e  which i s  c o n t r o l l e d  
by t h e  U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n ,  most o f  
t h e  s h o r e l i n e  i s  i n  p r i v a t e  ownership .  A t o t a l  of  879 
d w e l l i n g  u n i t s  have been e s t i m a t e d  t o  b e  l o c a t e d  on i t s  
s h o r e s  (Table  2 ) .  The w a t e r s h e d  o f  Bur t  Lake c o v e r s  a 
l a r g e  p o r t i o n  o f  t h e  n o r t h e r n  t i p  o f  t h e  lower p e n i n s u l a  
o f  Michigan .  The p rox ima l  w a t e r s h e d  (101,388 ha )  i n c l u d e s  
t h e  d r a i n a g e  a r e a  o f  t h e  Maple R i v e s  t o  t h e  wes t  of  t h e  
L 
l a k e  and t h e  S t u r g e o n  R i v e r  t o  t h e  s o u t h .  I n  a d d i t i o n ,  
t h e  d r a i n a g e  b a s i n  o f  B u r t  Lake i n c l u d e s  t h e  w a t e r s h e d s  
o f  L a r k s ,  A r n o t t ,  L a n c a s t e r ,  V i n c e n t ,  Munro and Douglas 
Lakes t o  t h e  n o r t h  and w e s t ,  and S i l v e r ,  Weber, Lance and 
Wildwood Lakes s o u t h  o f  t h e  l a k e  ( f i g u r e  5 ) .  Consequen t ly ,  
B u r t  L a k e ' s  t o t a l  w a t e r s h e d  a r e a  i s  140 ,181  h a .  
Larks Lake,  Emmet County,  i s  m o d e r a t e l y  l a r g e  (242 h a  
i n  s u r f a c e  a r e a )  and  e x t r e m e l y  s h a l l o w  (mean d e p t h  i s  o n l y  
0 . 8  m andmaximum d e p t h  o n l y  2.4m)(Table 5 ) .  I t  i s  
n e a r l y  c i r c u l a r  i n  s i z e  which i s  r e f l e c t e d  i n  i t s  low 
s h o r e l i n e  development f a c t o ~  ( 1 . 1 0 ) .  I t  has a s m a l l  
w a t e r s h e d  ( s u r f a c e  a r e a  of  413 h a )  and d r a i n s  by way o f  
Brush Creek i n t o  t h e  West Branch o f  t h e  Maple Rive?? and 
t h e n c e  i n t o   BUT^ Lake. Larks  Lake i s  s p a r s e l y  p o p u l a t e d  
w i t h  44 d w e l l i n g  u n i t s  l o c a t e d  m o s t l y  a l o n g  t h e  s o u t h e r n  
s h o r e  and n o r t h e a s t e r n  p o r t i o n  o f  t h e  l a k e  (TabZe 2 ) .  
Douglas Lake, Cheboygan County,  i s  t h e  f i f t h  l a r g e s t  
( s u r f a c e  a r e a  o f  1 , 5 0 9 . 3  h a )  l a k e  i n  t h e  s t u d y  a r e a .  I t  
i s  a  m u l t i p l e  i c e - b l o c k  k e t t l e  l a k e ,  w i t h  s e v e n  ma jo r  
d e p r e s s i o n s  i n  t h e  b a s i n .  I t  i s  m o d e r a t e l y  deep  w i t h  a  
maximum d e p t h  o f  26.7 m and a  mean d e p t h  o f  5 . 4  m (TabZe 5 1 .  
The U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n  c o n t r o l s  
o v e r  50 p e r c e n t  of  t h e  s h o r e l i n e  m o s t l y  a l o n g  t h e  e a s t e r n  
and s o u t h e r n  p o r t i o n s  o f  t h e  l a k e .  The w e s t e r n  end o f  
t h e  l a k e  i s  e x t e n s i v e l y  deve loped  w i t h  332 r e s i d e n t i a l  
second-homes.  I t s  immediate w a t e r s h e d  boundary l i e s  
e x t r e m e l y  c l o s e  t o  t h e  s o u t h e r n  and e a s t e r n  edges  o f  t h e  
l a k e  and most o f  t h e  l a n d  a r e a  i n  t h e  w a t e r s h e d  l i e s  
n o r t h w e s t  o f  t h e  l a k e  ( f i g u r e  5 ) .  The immediate  w a t e r s h e d  
i s  5 ,651  ha  b u t  Munro, L a n c a s t e r ,  V incen t  and A r n o t t  Lakes 
a l s o  d r a i n  i n t o  Douglas Lake s o  t h a t  t h e  t o t a l  w a t e r s h e d  
a r e a  o f  Douglas Lake i s  10 ,307  h a .  The Douglas Lake 
d r a i n a g e  a r e a  i s  p a r t  o f  t h e  B u r t  Lake w a t e r s h e d ,  s i n c e  
t h e  e a s t  b r a n c h  of t h e  Maple R i v e r  f lows  from Douglas  
Lake t o  i t s  c o n f l u e n c e  w i t h  t h e  w e s t  b r a n c h  o f  t h e  
Maple R i v e r  and t h e n  i n t o  Bur t  Lake. 
Munro Lake,  Cheboygan County,  i s  s im i l a r  i n  i t s  
m o r p h o m e t ~ i c  f e a t u r e s  t o  Larks  Lake i n  t h a t  i t  i s  
modera te  i n  s i z e  (277.6 h a  i n  s u r f a c e  a r e a )  and 
e x t r e m e l y  s h a l l o w  [mean and maximum d e p t h s ,  1.0m and 
4 . 6  m ,  r e s p e c t i v e l y )  ( T a b l e  5 / .  I t  i s  an oblong l a k e  
w i t h  s i m p l e  s h o r e l i n e  f e a t u r e s  and a  low s h o r e l i n e  
development  f a c t o r  ( 1 . 2 0 ) .  C o t t a g e  development  i s  
s p a r c e  (59  d w e l l i n g  u n i t s )  and i s  m o s t l y  c o n s t r u c t e d  
i n  t h e  s o u t h e a s t e r n  c o r n e r  o f  t h e  l a k e .  I t s  w a t e r s h e d  
a r e a  i s  r e l a t i v e l y  s m a l l  (925 h a )  and i t  d r a i n s  by way o f  
a  t i n y  c r e e k  i n t o  a d j a c e n t  L a n c a s t e r  Lake. 
L a n c a s t e r  Lake,  Cheboygan County,  i s  a  s m a l l  (20 .8  h a  
s u r f a c e  a r e a )  b u t  deep  (mean and maximum d e p t h s  o f  2.9 m 
and 17 .4  m ,  r e s p e c t i v e l y )  k e t t l e  l a k e  ( T a b l e  5 ) .  I t  i s  
n e a r l y  c i r c u l a r  w i t h  v e r y  low human development  ( f i v e  
d w e l l i n g  u n i t s )  on i t s  s h o r e s .  I n  s p i t e  of  i t s  s m a l l  
s i z e ,  i t  h a s  an  e x t r e m e l y  l a r g e  swampy w a t e r s h e d  encompassing 
3 ,692 h a  n o r t h w e s t  o f  t h e  l a k e .  The d r a i n a g e  a r e a  f o r  
L a n c a s t e r  Lake i s  177 .5  t i m e s  l a r g e r  t h a n  t h e  s u r f a c e  
a r e a  o f  t h e  l a k e .  L a n c a s t e r  d r a i n s  i n t o  Douglas Lake 
by way o f  Bessey  Creek ( f i g u r e  5 ) .  
A r n o t t  Lake,  Emmet County,  has  s i m i l a r  morphometr ic  
f e a t u r e s  t o  L a n c a s t e r  Lake. I t  i s  s m a l l  (9 .4  h a  i n  
s u r f a c e  a r e a )  and deep  (mean and maximum d e p t h s  of  
3.7m and 1 5 .  2m r e s p e c t i v e l y ) .  I t s  w a t e r s h e d  a r e a  
(933 h a )  i s  oveT 9 9  t i m e s  l a r g e r  t h a n  t h e  s u r f a c e  a r e a  
of t h e  l a k e  (TabZe 5 1 .  A r n o t t  Lake i s  a lmos t  e n t i r e l y  
s u r ~ o u n d e d  b y  a  c e d a r  swamp and o n l y  one summer c o t t a g e  
i s  l o c a t e d  on i t s  s h o r e .  The l a k e  d r a i n s  by swampland 
seepage  i n t o  Douglas  Lake. 
V i n c e n t  Lake, Cheboygan County, i s  a s m a l l  ( 1 2 . 3 2  h a  
e 
i n  s u r f a c e  a r e a )  seepage  l a k e ,  l o c a t e d  s o u t h w e s t  of 'Munro 
Lake and n o r t h  of Douglas Lake. I t  i s  s h a l l o w  ( l e s s  t h a n  
7 m deep)  w i t h  a  f a l s e  bot tom o f  f i n e ,  f l o c c u l e n t  s i l t s  
i n  a d d i t i o n  t o  an  e n c r o a c h i n g  s h o r e l i n e .  Only a  summer 
c h i l d r e n ' s  camp i s  l o c a t e d  on i t s  s o u t h e a s t e r n  s h o r e .  
V incen t  Lake ' s  w a t e r s h e d  i s  s m a l l  (39 h a )  i n  a r e a  and 
i s  o n l y  t h r e e  t imes  l a r g e r  t h a n  t h e  s u r f a c e  a r e a  o f  t h e  
l a k e  ( T a b l e  5 ) .  
B r y a n t ' s  Bog, Cheboygan County,  i s  l o c a t e d  o n l y  a  
few hundred  m e t e r s  from t h e  s h o r e  o f  Douglas Lake. I t  
i s  a  t i n y  n o r t h e r n  bog l a k e  i n  l a t e  s t a g e  h y d r a r c h s u c c e s s i o n  
The mat s u r r o u n d i n g  t h e  l a k e  c o n t a i n s  t y p i c a l  bog p l a n t s ,  
p u t  i s  a l s o  anchored  w i t h  l a r g e  t r e e s  o c c u r i n g  n e a r  t h e  
open w a t e r  p o r t i o n  of  t h e  l a k e .  I t  h a s  l e s s  t h a n  0 .05  h a  
o f  open w a t e r  and i s  o n l y  one m e t e r  deep .  The o r i g i n a l  
b a s i n  was s l i g h t l y  l e s s  t h a n  one h a  i n  a r e a  and was 
a b o u t  1 5  m deep  (Welch 1936a) .  Near ly  a l l  l a r g e  t r e e s  
on t h e  bog mat have d i e d  i n  r e c e n t  y e a r s ,  p resumably  
due t o  abnormal ly  h i g h  w a t e r  l e v e l s  ( S c h w i n t z e r ,  i n  p r e s s ) .  
S e v e r a l  d w e l l i n g s  a r e  found c l o s e  t o  t h e  w e s t e r n  and 
n o r t h e r n  edges o f  t h e  bog.  
Four l a k e s  ( S i l v e r ,  Weber, Lance and Wildwood) a r e  
l o c a t e d  i n  t h e  s o u t h e r n  p o r t i o n  o f  Cheboygan County i n  
Bur t  L a k e ' s  w a t e ~ s h e d  (figure 5 1.  S i l v e r  Lake i s  an 
a lmos t  p e r f e c t l y  c i r c u l a r  seepage  l a k e  ( s h o r e l i n e  
development  f a c t o r  o f  1 . 0 0 ) .  I t  i s  r e l a t i v e l y  s m a l l  
(30.8 ha in surface area) and is one of  the deepest lakes 
(mean and m a x i m  depth of 11.2 m and 27.4 m, xespectively). 
It has a relatively mall watershed ( 5 2 3  ha i n  area). 
Human development is moderately heavy with approximately 
32  dwelJing units located on its shores (Tables 2 and 5 ) .  
Weber Lake is a small oval-shaped seepage lake. It 
has a surface area of 11.4 ha and is moderately shallow 
(mean and maximum depths of 6.1 and 12.2 m, respectively) 
(Table 5 ) .  Its watershed encompasses an area of 306 ha. 
The lake is entirely state-owned and supports a state 
forest campground. 
Lance Lake is a small but deep kettle lake. It has 
a surface area of only 9 . 8  ha but has a mean depth of 
5.2 m and a maximum depth of 24.4 m (Table 5 ) .  Its 
watershed encompasses an area of 8 3 5  ha. Development is 
heavy along the shoreline, with 22 dwelling units counted 
(Table 2 ) .  Lance Lake is drained by a small creek, through 
swampland,into the Sturgeon River. 
Wildwood Lake is an artificial lake that was created 
ten years ago for second home development purposes by 
damming up a small creek. The lake has a surface area 
of 8 9 . 6  ha and an extremely irregular shoreline (shore- 
line development factor of 2 . 7 8 ) .  It is extremely shallow 
with a mean depth of only 1.9 m and a maximum depth of 
5.5 m (Table 5 1 .  Human development is currently light, 
with about 66 dwelling units on its shores. Wildwood Lake 
drains into and is p a ~ t  of Lance Lake's watershed. 
The M u l l e t t  Lake Watershed -
M u l l e t t  Lake i s  t h e  f i f t h  l a r g e s t  l a k e  ( s u r f a c e  a r e a  
o f  6 ,652 h a )  i n  t h e  S t a t e  o f  Michigan ,  and t h e  d e e p e s t  
l a k e  (maximum d e p t h  o f  4 2 . 7  m and mean d e p t h  o f  1 1 . 2  m) 
i n  t h e  s t u d y  a r e a  ( T a b l e  5 1 .  The w e s t e r n  s h o r e  i s  n e a r l y  
s t r a i g h t ,  b u t  t h e  e a s t e r n  s i d e  h a s  a  number o f  p o i n t s  and 
bays  ( s h o r e l i n e  development  f a c t o r  i s  1 . 6 0 ) .  The p rox ima l  
w a t e r s h e d  o f  M u l l e t t  Lake,  i n c l u d i n g  t h e  e x t e n s i v e  
d r a i n a g e  a r e a  o f  t h e  P igeon R i v e r ,  s o u t h  o f  t h e  l a k e ,  i s  
64,769 ha .  Water f lows  from Bur t  Lake i n t o  t h e  s o u t h  
end o f  M u l l e t t  Lake by way o f  t h e  I n d i a n  R i v e r .  Hence, 
t h e  l a k e  i s  t h e  r e c e i v i n g  w a t e r  body f o r  d r a i n a g e  o f  
w a t e r  from most o f  t h e  I n l a n d  Water Route w a t e r s h e d ,  
encompassing a  t o t a l  a r e a  o f  207,381 h a ) .  The v i l l a g e  o f  
I n d i a n  R i v e r  i s  l o c a t e d  midway between t h e  two l a k e s  
and i s  t h e  f a s t e s t  growing u rban  a r e a  i n  Cheboygan County. 
The v i l l a g e  i s  t h e  p roposed  s i t e  of  a  j u n c t i o n  be tween 
two major  n o r t h - s o u t h  f r e e w a y s ,  s o  human development  i n  
t h e  a r e a  i s  e x p e c t e d  t o  i n c r e a s e  s h a r p l y  i n  t h e  n e a r  
f u t u r e .  The l a r g e s t  i n l a n d  c a t t a i l  marsh i s  l o c a t e d  
a t  t h e  mouth o f  t h e  I n d i a n  R i v e r  a t  M u l l e t t  Lake and 
i s  c u r r e n t l y  t h r e a t e n e d  by d r e d g e  and f i l l  development .  
M u l l e t t  Lake h a s  t h e  second  l o n g e s t  s h o r e l i n e  ( 4 5 . 1  km) 
i n  t h e  s t u d y  a r e a  and s u p p o r t s  t h e  l a r g e s t  number o f  
d w e l l i n g  u n i t s  (1 ,283)  ( T a b l e s  2 and 5 1 .  Water from 
M u l l e t t  Lake f lows  o u t  of t h e  n o r t h  end th rough  the 
Cheboygan  rive^, p a s t  t h e  c i t y  o f  Cheboygan and t h e n  
e m p t i e s  i n t o  Lake Huron ( f i g u r e  5 1 .  
Smal l  l a k e s  i n  t h e  s t u d y  a r e a  t h a t  a r e  paTt  o f  t h e  
M u l l e t t  Lake w a t e r s h e d  a r e  Devereaux,  S i l v e r  (Koehler  
Township) ,  Cochran ,  R o b e r t s ,  Cornwal l  Flowage and 
L i v i n g s t o n  Bog. 
Devereaux Lake i s  a  s m a l l  (14 h a  i n  s u r f a c e  a r e a )  
s e e p a g e  l a k e  l o c a t e d  e a s t  o f  M u l l e t t  Lake i n  Cheboygan 
County. I t  i s  a  s h a l l o w  (mean and maximum d e p t h s  o f  
3 . 1  and 6 . 1  m ,  r e s p e c t i v e l y )  round k e t t l e  l a k e  t h a t  
a p p e a r s  t o  have  a  pe rched  w a t e r  t a b l e .  Water l e v e l  
f l u c t u a t i o n s  from y e a r  t o  y e a r  a r e  g r e a t e r  i n  Devereaux 
Lake t h a n  i n  any o t h e r  w a t e r  body i n  t h e  s t u d y  a r e a .  
Dur ing  t h e  p a s t  few y e a r s  o f  abnormal ly  h i g h  w a t e r  l e v e l s  
i n  t h e  Grea t  Lakes r e g i o n ,  w a t e r  l e v e l s  i n  Devereaux 
Lake have  been  s o  h i g h  t h a t  up land  v e g e t a t i o n  s u r r o u n d i n g  
t h e  l a k e  h a s  been  i n u n d a t e d  and k i l l e d .  There  a r e  
c u r r e n t l y  1 7  d w e l l i n g  u n i t s  on Devereaux Lake,  a l l  con-  
s t r u c t e d  d u r i n g  t h e  p a s t  decade .  The w a t e r s h e d  o f  
Devereaux Lake encompasses an  a r e a  o f  1 ,009  h a ( ~ a b Z e s  2 
and  5 ) .  
S i l v e r  Lake, Koehler  Township, Cheboygan County,  i s  
l o c a t e d  s o u t h  o f  Devereaux Lake. S i l v e r  Lake i s  s m a l l  
(31 .4  h a  i n  s u r f a c e  a r e a )  and s h a l l o w  (mean and maximum 
d e p t h s  o f  3 .4 m and 9 . 8  m ,  r e s p e c t i v e l y  (TabZe 5 ) .  The 
l a k e  i s  p r i v a t e l y  owned by t h e  D e t r o i t  Area Boy Scou t  
C o u n c i l .  I t  i s  u s e d  o n l y  d u r i n g  t h e  summer f o r  a  
c h i l d r e n ' s  camp. S i l v e r  Lake i s  d r a i n e d  by S i l v e r  
Creek which f lows  i n t o  t h e  L i t t l e  P igeon R i ~ e r  and t h e n  
empt i e s  i n t o  ' M u l l e t t  Lake. 
Cochran and R o b e r t s  Lakes a r e  l o c a t e d  s o u t h e a s t  o f  
t h e  v i l l a g e  o f  I n d i a n  R i v e r .  The l a k e s  a r e  known l o c a l l y  
a s  " twin  l a k e s "  s i n c e  t h e y  l i e  i n  such  c l o s e  p r o x i m i t y  
t o  one a n o t h e r .  L i m n o l o g i c a l l y ,  t h e  e p i t h e t , " t w i n  l a k e s " ,  
i s  a  misnomer. Cochran Lake i s  a  s m a l l  s e e p a g e  l a k e ,  
w h i l e  R o b e r t s  Lake i s  a  m a l l  f lowage  c r e a t e d  by damming 
up Twin Lakes Creek .  Cochran Lake h a s  a  s u r f a c e  a r e a  o f  
11 .0  ha  and i s  a  s h a l l o w ,  round k e t t l e  l a k e  w i t h  mean 
and maximum d e p t h s  o f  1 . 7  m and 4 . 6  m ,  r e s p e c t i v e l y  
( T a b l e  5 ) .  Rober t s  Lake i s  oblong i n  s h a p e ,  s m a l l  
(21 .4  h a  i n  s u r f a c e  a r e a ) ,  and e x t r e m e l y  s h a l l o w  
(mean and maximum d e p t h s  o f  0 .6  and 1 . 2 ,  r e s p e c t i v e l y ) .  
Both l a k e s  a r e  e n t i r e l y  i n  s t a t e  ownership .  
Another  f lowage  on Cornwall  Creek i s  p a r t  o f  t h e  
M u l l e t t  Lake w a t e r s h e d .  Cornwal l  Creek was r e c e n t l y  
dammed up ,  c r e a t i n g  a  w a t e r  body of  a p p r o x i m a t e l y  
90 ha .  I t s  maximum d e p t h  i s  abou t  5 . 5  m .  The f lowage  
h a s  n o t  been  mapped,so d e t a i l e d  morphometr ic  d a t a  i s  
u n a v a i l a b l e .  The w a t e r s h e d  o f  Cornwal l  Creek Flowage 
d r a i n s  an a r e a  o f  a b o u t  1 ,000 h a .  The f lowage  d r a i n s  
th rough  Cornwal l  Creek i n t o  t h e  P igeon R i v e r  and t h e n  
i n t o  M u l l e t t  Lake. 
L i v i n g s t o n  Bog i s  l o c a t e d  w e s t  of  M u l l e t t  Lake 
( f 2 g u r e  5 1 .  I t  i s  a  t i n y  l a k e  w i t h  c l a s s i c a l  t e r r e s t r i a l  
p l a n t  communit ies  n o ~ m a l l y  a s s o c i a t e d  w i t h  n o r t h e r n  bogs .  
The o r i g i n a l  b a s i n  was a b o u t  one ha  i n  s u r f a c e  a r e a  and 
had  a  maximum d e p t h  of a p p r o x i m a t e l y  9 m. The open w a t e r  
zone t o d a y  i s  s l i g h t l y  l e s s  t h a n  0 . 1  ha  i n  s u ~ f a c e  a r e a  
and h a s  a  maximum d e p t h  o f  1 . 8  m above t h e  f a l s e  
bo t tom ( T a b l e  5  1 .  
The Black  Lake Watershed  
The p rox ima l  w a t e r s h e d  o f  Black Lake (Cheboygan 
and P r e s q u e  I s l e  C o u n t i e s )  encompasses a  l a r g e  a r e a  
o f  136,554 h a .  I n c l u d i n g  w a t e r s h e d s  o f  s m a l l e r  l a k e s  
w i t h i n  t h e  Black  R i v e r  d r a i n a g e  b a s i n ,  t h e  Black Lake 
w a t e r s h e d  has a  t o t a l  a r e a  o f  139,548 h a .  The l a r g e s t  
p a r t  of t h e  w a t e r s h e d  i s  d r a i n e d  by t h e  Upper Black and 
Rainy R i v e r s  which a r e  t h e  ma jo r  i n l e t  t o  Black Lake. 
The o u t l e t  t o  Black  Lake i s  t h e  Lower Black R i v e r  which 
f l o w s  i n t o  t h e  Cheboygan R i v e r  and t h e n  i n t o  Lake Huron 
( f i g u r e  5 , ) .  
Black  Lake i s  t h e  e i g h t h  l a r g e s t  l a k e  i n  Michigan 
and t h e  t h i r d  l a r g e s t  i n  t h e  s t u d y  a r e a .  I t  h a s  a 
s u r f a c e  a r e a  of  4 ,052 h a .  I t  i s  a  b r o a d ,  m o d e r a t e l y  
d e e p  l a k e  w i t h  a  mean d e p t h  o f  7 . 7  m and a  maximum 
d e p t h  1 5 . 2  m ( T a b l e  5  ) .  The l a k e  i s  m o s t l y  round 
w i t h  o n l y  one  p rominen t  p o i n t  a t  t h e  mouth o f  t h e  
Upper Black  R i v e r .  The s h o r e l i n e  o f  Black Lake i s  
2 8 . 7  km l o n g  and i s  m o d e r a t e l y  d e v e l o p e d ,  w i t h  
d w e l l i n g  u n i t s  e s t i m a t e d  t o  number 749  (TabZe 2). 
South  of p a r t  of  t h e  Upper Black R i v e r  Watershed 
and Black  Lake a r e  f o u r  w a t e r  b o d i e s  (Osmun, McLavey, 
Dog Lakes and S toney  Creek)  t h a t  a r e  i n c l u d e d  i n  o u r  
s t u d y  aTea. O m n  Lake i s  a  s m a l l  ( s u r f a c e  a r e a  o f  1 6 . 4  h a )  
and s h a l l o w  [mean and maximum d e p t h s  o f  0 . 7  m and 3 . 0  m ,  
r e s p e c t i v e l y )  w a t e r  body w i t h  s e v e ~ a l  s m a l l  i s l a n d s  
and a  s h o r e l i n e  l i b e r a l l y  cove red  w i t h  r u s h e s  ( T a b l e  5 1 .  
Only one s e a s o n a l  c o t t a g e  i s  l o c a t e d  on t h e  s h o r e s  o f  
t h i s  p r i v a t e l y  owned l a k e .  McLavey Lake i s  s i m i l a r l y  a  
s m a l l  (9 .6  h a  i n  s u r f a c e  a r e a )  and s h a l l o w  (mean and 
maximum d e p t h s  o f  1 .35  m and 3 . 6  m ,  r e s p e c t i v e l y )  
s e e p a g e  l a k e  w i t h  o n l y  one d w e l l i n g  u n i t  on i t s  s h o r e s .  
Osmun and McLavey Lakes b o t h  have  s m a l l  w a t e r s h e d s  o f  
174 ha  and 226 h a ,  r e s p e c t i v e l y  ( T a b l e  5 ) .  
Both Dog Lake and S toney  Creek a r e  f l o w a g e s .  Dog 
Lake i s  76 h a  i n  e x t e n t  and d r a i n s  t h r o u g h  McMasters 
Creek and e v e n t u a l l y  i n t o  t h e  Upper Black R i v e r .  T y p i c a l  
o f  most f lowages  i n  t h e  a r e a ,  i t  i s  s h a l l o w  w i t h  mean and 
maximum d e p t h s  o f  1.1 m and 2 .4  m ,  r e s p e c t i v e l y .  S toney 
Creek Flowage h a s  n o t  been  mapped, s o  morphometr ic  d a t a  
a r e  m o s t l y  u n a v a i l a b l e .  I t  h a s  a  w a t e r  s u r f a c e  a r e a  o f  
76 h a  and d r a i n s  a  l a n d  s u r f a c e  o f  1 , 5 2 3  h a .  I t  i s  
e x t r e m e l y  s h a l l o w  w i t h  w a t e r  d e p t h  n o r m a l l y  l e s s  Than 
one m e t e r  t h r o u g h o u t .  
Two r e s e r v o i r s ,  K lebe r  and Tower Ponds ,  a r e  l o c a t e d  
on t h e  Upper Black R i v e r .  We have  i n c l u d e d  Klebe r  Pond 
i n  o u r  s t u d y  a r e a .  K lebe r  Pond was formed by t h e  
c o n s t r u c t i o n  of a h y d r o e l e c t ~ i c  power dam on t h e  Upper 
Black R i v e r .  I t  h a s  a  s u r f a c e  a r e a  of 7 2  h a  and a  
maximum d e p t h  of abou t  10 m.  The r e s e r v o i r  h a s  n o t  
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been  h y d r o g r a p h i c a l l y  napped ,  s o  d e t a i l e d  morphometr ic  
d a t a  a r e  u n a v a i l a b l e .  K l e b e ~  Pond i s  s p a ~ s e l y  d o t t e d  
w i t h  $easona l  c o t t a g e s .  
Ano the r  h y d ~ o e l e c t r i c  r e s e r v o i ~ ,  Alverno  Pond, i s  
l o c a t e d  on t h e  lo we^ Black R i v e r  n o ~ t h  o f  Black Lake. 
Alverno  Pond h a s  a s u ~ f a c e  a r e a  o f  46 h a ,  maximum d e p t h  
o f  abou t  5  m, and i s  m o d e r a t e l y  deve loped  w i t h  d w e l l i n g s .  
I t  i s  l o c a t e d  i n  t h e  most f e r t i l e  a g r i c u l t u r a l  v a l l e y  i n  
Cheboygan County.  
Three  w a t e r  b o d i e s  (Long, Hoop and Twin Lakes) a r e  
l o c a t e d  i n  t h e  d r a i n a g e  a r e a  o f  t h e  lower  Black R i v e r .  
Long Lake i s  a p t l y  named. I t  i s  3 . 8  km long  and has  
a  mean w i d t h  o f  o n l y  0 .45  km. I t  h a s  t h r e e  d e p r e s s i o n s ,  
t h e  d e e p e s t  of  which i s  1 9 . 5  m .  Long Lake encompasses 
an  a r e a  o f  160 h a  and has  a  r e l a t i v e l y  s m a l l  w a t e r s h e d  
(416 h a  i n  a r e a ) .  I t  h a s  a  long  s h o r e l i n e  ( 8 . 7  km) 
r e l a t i v e  t o  t h e  s u r f a c e  a r e a  o f  t h e  l a k e .  T h e r e f o r e ,  i t  
h a s  a  c o m p a r a t i v e l y  h i g h  s h o r e l i n e  development  f a c t o r  
( 1 . 6  ) Human p o p u l a t i o n  on Long Lake i s  m o d e r a t e l y  
d e n s e  w i t h  1 1 2  d w e l l i n g  u n i t s  on i t s  s h o r e s  ( T a b l e s  2 
and 5 ) .  
The name "Twin Lakes" i m p l i e s  two l a k e s  o f  s i m i l a r  
d imens ions  l y i n g  i n  c l o s e  p r o x i m i t y  t o  one a n o t h e r .  
For  Twin Lakes ,  Cheboygan County,  t h i s  i s  c e r t a i n l y  a  
misnomer.  Twin Lakes i s  a c t u a l l y  a  c h a i n  o f  seven  
s m a l l  i n t e r c o n n e c t i n g  b a s i n s  s e p a r a t e d  from one a n o t h e r  
by na r row c h a n n e l s .  An e i g h t h  i s o l a t e d  b a s i n  l i e s  e a s t  
of t h e  i n t e r c o n n e c t e d  d e p r e s s i o n s .  Although i t  has  no 
s u r f a c e  c o n n e c t i o n  t o  t h e  c h a i n  Q£ l a k e s ,  i t  n e v e r t h e l e s s  
i s  c o n s i d e r e d  p a ~ t  of  the Twin Lakes g roup .  The Twin 
Lakes b a s i n s  have  a  t o t a l  s u r f a c e  a r e a  of 84 h a .  Most 
d e p r e s s i o n s  a r e  from 10 t o  1 2  rn deep and t h e  d e e p e s t  b a s i n  
has  a maximum d e p t h  o f  2 2 . 3  m .  The s h o ~ e l i n e  i s  e x t r e m e l y  
i r r e g u l a r  and t h e r e f o r e  t h e  Twin Lakes c h a i n  h a s  t h e  
h i g h e s t  s h o r e l i n e  development  f a c t o r  ( 4 . 3 )  o f  any l a k e  
i n  t h e  s t u d y  a r e a  ( T a b l e  5 1 .  Twin Lakes i s  s p a r s e l y  
d o t t e d  w i t h  84  d w e l l i n g  u n i t s .  I t s  w a t e r s h e d  i s  
r e l a t i v e l y  s m a l l ,  encompassing an  a r e a  o f  459 h a .  Twin 
Lakes i s  d r a i n e d  by Owens Creek which empt i e s  i n t o  t h e  
Lower Black R ive r  j u s t  n o r t h  o f  Black Lake. 
Hoop Lake i s  a  bog l a k e  l o c a t e d  n e a r  t h e  Twin Lakes 
c h a i n .  Hoop Lake h a s  a  t y p i c a l  f l o a t i n g  mat o f  v e g e t a t i o n  
c h a r a c t e r i s t i c  o f  b o r e a l  bogs .  I n  c o n t r a s t  t o  B r y a n t ' s  
and L i v i n g s t o n  Bogs, Hoop Lake i s  l a r g e r  and d e e p e r .  I t  
has  a  s u r f a c e  a r e a  o f  2 . 9  h a  and mean and maximum d e p t h s  
o f  3 .7  m and 9 . 5  m ,  r e s p e c t i v e l y  ( T a b l e  5 ) .  Hoop Lake 
has  a  s m a l l  w a t e r s h e d  of  53 h a .  I t  i s  e n t i r e l y  s t a t e -  
owned w i t h  no development  anywhere i n  i t s  w a t e r s h e d .  
The Walloon Lake Watershed 
Walloon Lake, Emmet and C h a r l e v o i x  C o u n t i e s ,  empt i e s  
d i r e c t l y  i n t o  Lake Michigan by way o f  i t s  o u t l e t ,  Bear  
Creek (figure 5 ) . The l a k e  i s  l a r g e  (1 ,728  h a  i n  
s u ~ f a c e  a r e a )  and deep  (mean and maximum d e p t h s  o f  8 . 8  m 
and 30 .5  m, r e s p e c t i v e l y )  ( T a b l e  5 ) .  There  a r e  f o u r  
m a j o r  d e p r e s s i o n s  i n  Walloon Lake; t h r e e  a r e  n e a r  30 p 
d e e p ,  w h i l e  t h e  f o u r t h  i s  1 5 . 6  m deep .  The s h o r e l i n e  
i s  i r r e g u l a r  w i t h  l o n g  na r row embayments known l o c a l l y  
a s  "arms". Walloon Lake h a s  4 4 . 3  km o f  s h o r e l i n e  and 
h a s  t h e  second  h i g h e s t  s h o r e l i n e  development  f a c t o r  
( 3 . 0 )  i n  t h e  s t u d y  a r e a  ( T a b l e  5). The l a k e  has  a  
c o m p a r a t i v e l y  small w a t e r s h e d  o f  9 ,170 h a .  Walloon 
Lake i s  h e a v i l y  p o p u l a t e d  w i t h  772 d w e l l i n g s  a l o n g  i t s  
s h o r e s  ( T a b l e  2). 
The C a r p  Lake Watershed  -
Carp Lake,  Ernrnet and Cheboygan C o u n t i e s ,  i s  l o c a t e d  
n o r t h  o f  Douglas Lake. I t  i s  a  l a r g e  ( s u r f a c e  a r e a  o f  
760 h a )  and s h a l l o w  (mean and maximum d e p t h s  o f  1 . 2  and 
4 . 6  m ,  r e s p e c t i v e l y )  l a k e ,  h e a v i l y  p o p u l a t e d  w i t h  4 4 8  
d w e l l i n g s  on i t s  s h o r e s  ( T a b l e s  2 and 5). I t s  l a r g e  
w a t e r s h e d  (6 ,752 h a  i n  s u r f a c e  a r e a )  l i e s  s o u t h e a s t  o f  
t h e  l a k e  and c o n s i s t s  m o s t l y  o f  w e t l a n d s .  Carp Lake 
d r a i n s  i n t o  t h e  S t r a i t s  o f  Mackinac by way of  Carp 
Lake R i v e r  ( f i g u r e  5). 
Mud Lake Bog, Cheboygan County,  i s  l o c a t e d  i n  t h e  
Carp Lake Watershed .  I t  i s  a  b r o a d  ( s u r f a c e  a r e a  o f  
1 0 . 3  h a )  and s h a l l o w  (one m e t e r  deep t h r o u g h o u t )  bog 
l a k e .  One r e s i d e n c e  h a s  been  c o n s t r u c t e d  n e a r  i t s  
s h o r e s .  
The Wycamp Lake Watershed -
Wycamp Lake i s  a f lowage  i n  n o r t h w e s t e r n  Emmet 
County.  I t  e m p t i e s  i n t o  Lake Michigan by way of Wycamp 
Creek ,  The l a k e  h a s  a s u r f a c e  area of  2 5 7  h a  and i s  
s h a l l o w ,  w i t h  d e p t h s  l e s s  t h a n  2 m t h r o u g h o u t .  The l a k e  
has  a w a t e r s h e d  aTea o f  6 , 3 2 1  h a ,  most  of  which i s  s t a t e -  
owned ( T a b l e  5 ) .  Only one s e a s o n a l  d w e l l i n g  i s  l o c a t e d  
on i t s  s h o r e s .  
The French  Farm Lake Watershed  - --
T h i s  f lowage  i s  l o c a t e d  n o r t h  o f  Carp Lake n e a r  
t h e  S t r a i t s  o f  Mackinac.  I t  empt i e s  i n t o  t h e  S t r a i t s  
by way o f  French  Farm Creek .  French  Farm Lake h a s  
morphometr ic  f e a t u r e s  s i m i l a r  t o  Wycamp Lake. I t  i s  
234 h a  i n  s i z e  and i s  s h a l l o w  ( l e s s  t h a n  3 m deep)  
t h r o u g h o u t .  I t s  w a t e r s h e d  c o v e r s  3 ,067 h a  o f  l a n d ,  most 
o f  which i s  s t a t e - o w n e d  ( T a b l e  5 ) .  There  i s  no human 
development  on i t s  s h o r e s .  
Water O u a l i t v  C h a r a c t e r i s t i c s  
S a l i e n t  l i m n o l o g i c a l  f e a t u r e s  o f  l a k e s  i n  t h e  s t u d y  a r e a  
w i l l  be  d i s c u s s e d  h e r e  w i t h  e m ~ a s i s  on p h y s i c o c h e m i c a l  
c h a r a c t e r i s t i c s .  For  t h e  s a k e  o f  b r e v i t y ,  l e n g t h y  t a b u l a r  d a t a  
o f  l i m n o l o g i c a l  p a r a m e t e r s  w i l l  n o t  b e  i n c l u d e d .  I n s t e a d ,  
i m p o r t a n t  f e a t u r e s  w i l l  be  g l e a n e d  from t h e  d a t a  f i l e  and 
d i s c u s s e d  v e r b a l l y .  For  t h e  s a k e  o f  d i s c u s s i o n ,  t h e  l a k e s  
have  been grouped a c c o r d i n g  t o  w a t e r  h a r d n e s s ,  c o l o r  and 
d e p t h .  Those l a k e s  w i t h  a l k a l i n i t y  g r e a t e r  t h a n  80  mg/R 
and h a v i n g  marked mar l  d e p o s i t s  w i l l  be  d e f i n e d  h e r e  a s  
h a r d - w a t e r  l a k e s .  C o n v e r s e l y ,  t h o s e  l a k e s  w i t h  a l k a l i n i t y  
below 80 m g h  and n o t  e x h i b i t i n g  m a r l  d e p o s i t i o n  w i l l  b e  
te rmed s o f t - w a t e r  l a k e s .  Those l a k e s  which a r e  deep enough 
t o  t h e r m a l l y  s t r a t i f y  d u r i n g  summer a r e  termed deep  l a k e s ,  
w h i l e  t h o s e  l a k e s  t h a t  remain  e s s e n t i a l l y  homothemous  d u r i n g  
summer a r e  c a l l e d  s h a l l o w  l a k e s .  The m a j o r i t y  of  l a k e s  i n  t h e  
s t u d y  a r e a  a r e  s h a l l o w  o r  deep h a r d - w a t e r  l a k e s .  There  a r e  
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no deep  s o f t - w a t e r  l a k e s  b u t  a  c o n s i d e r a b l e  number o f  s h a l l o w  
s o f t - w a t e r  o n e s .  Some l a k e s  a r e  n o t i c e a b l y  s t a i n e d  w i t h  brown 
humic m a t e r i a l s .  These i n c l u d e  b o r e a l  bog l a k e s  a s  w e l l  a s  
s h a l l o w  and deep  l a k e s  r e c e i v i n g  d r a i n a g e  from boggy and 
marshy w e t l a n d s .  The l a k e  t y p e s  r a n g e  from m o r p h o m e t r i c a l l y  
and c h e m i c a l l y  o l i g o t r o p h i c  w a t e r  b o d i e s  t o  a  wide r a n g e  o f  
mesutrophic l a k e s  t o  c l a s s i c a l  d y s t r o p h i c  bog l a k e s  i n  l a t e  
s t a g e  h y d r a r c h  s u c c e s s i o n .  However, t h e  a r e a  l a c k s  any t r u l y  
e u t r o p h i c  l a k e s .  
Deep Hard -wa te r  Lakes 
Walloon Lake i s  p e r h a p s  t h e  most  o l i g o t r o p h i c  l a k e  
i n  t h e  s t u d y  a r e a .  The l a k e  h a s  f o u r  b a s i n s ;  t h r e e  deep  
b a s i n s  (maximum d e p t h s  o f  2 4 . 4 ,  2 7 . 4  and 3 0 . 5  m ,  r e s p e c -  
t i v e l y )  t h a t  a r e  f r e e l y  i n t e r c o n n e c t e d .  The f o u r t h  b a -  
s i n ,  t h e  Nor th  A r m ,  i s  o n l y  16 m deep  and i s  s e p a r a t e d  
from t h e  r e s t  o f  t h e  l a k e  by a  nar row s i l l .  The North 
A r m  e x h i b i t s  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  c o n s i d e r a b l y  
d i s t i n c t  f rom t h e  r e s t  o f  t h e  l a k e .  
The t h r e e  main b a s i n s  o f  Walloon Lake have  a l l  t h e  
f e a t u r e s  n o r m a l l y  a t t r i b u t e d  t o  o l i g o t r o p h y .  Water c o l -  
o r  i s  a  deep  emera ld  g r e e n  ( V I I I  t o  X on t h e  F o r e l - U l e  
Color Scale) and light penetrates deeply. Secchi disc 
depths range from 3.5 m during summer, to 5.5 m in fall, 
and 9.0 m during winter. The euphotic zone consists of 
a large volume of the lake with depths of the one per- 
cent light transmission recorded at 14 m during summer 
and 18 m during winter. All three basins thermally 
stratify during summer with the thermocline beginning 
at about 9 to 10 m. Oxygen distribution with depth is 
clinograde during summer with saturation dropping from 
50 percent at the top of the hypolimnion to 6 percent 
at the bottom. The water is highly buffered with 
alkalinity of over 120 mg/R (as CaCO ) with calcium 3 
concentrations of over 30 mg/R recorded throughout the 
main portion of the lake. Both phosphorus and nitrogen 
concentrations are extremely low (zero to 6 p.g/R of to- 
tal phosphorus and less than 200 ug/L nitrate-nitrogen 
during summer). Light marl encrustations are observable 
throughout the shallow portions of the lake. 
The North Arm of Walloon Lake exhibits lower light 
penetration, greater oxygen depletion in the hypolimnion, 
higher pH, alkalinity, conductivity, and nutrient content 
than the rest of the lake. Secchi disc transparency is 
2.0 m during summer and the compensation depth for photo- 
synthesis is 7.5 m, approximately half that of the main 
portion of the lake. Alkalinity and conductivity values 
are higher in the North Arm, approximately 10 mg/R and 
40 umhos, respectively. Total phosphorus concentrations 
are approximately two times higher. The isolated nature 
of the North A m ,  coupled with its lesser volume and 
higher human population density are undoubtedly impor- 
tant factors in the observed water quality differences 
between the North Arm and the rest of Walloon Lake. 
Silver Lake (Wilmot Township) has the appearance 
and characteristics of a limestone sink lake. It lies 
in a bowl-shaped depression and is almost perfectly round, 
with the deepest spot (27.4 m) near the center of the 
lake. Light penetrates further into Silver Lake than 
any other water body in the study area. The water is 
a brilliant emerald green color (V-VI on the F-U Color 
Scale), with Secchi disc depths recorded at 6 to 7 m in 
summer and 10 m during winter. The depth of one per- 
cent light transmission is 17 to 18 m during ice-free 
conditions. The lake thermally stratifies in summer 
with the thermocline extending from about 7 to 15 m. 
Because of the clarity of the water, the depth of photo- 
synthetic activity extends well into the thermocline. 
Consequently, Silver Lake is characterized by a pro- 
nounced dissolved oxygen maximum in the thermocline. 
Oxygen concentrations are supersaturated (over 120 
percent) in the thermocline during summer. Dissolved 
oxygen is present in the bottom waters year-round. 
The water of Silver Lake is highly buffered, with pH 
ranging from 8.2 to 8.5 in the epilimnion during sum- 
mer. Alkalinity (100-130 mg/E) and calcium concentra- 
tions (30-42 mg/R) are both high. Marl deposits on sed- 
iments and macrophytes are prominent throughout the lit- 
toral zone. Phosphorus concentrations (generally less 
than 20 yg/R total phosphorus) are typically low for 
such a marl lake. However, nitrate-nitrogen concentra- 
tions (usually less than 125 pg/R) were also low. Silver 
Lake has heavy cottage development on its shores and 
back-lotting is also common. In spite of heavy human 
impact, Silver Lake appears to be maintaining its pre- 
dominately oligotrophic character. Coprecipitation of 
phosphorus with calcium carbonate into the sediments 
seems to be an important factor in the continued good 
water quality condition of Silver Lake. 
The Inland Water Route Lakes (Pickerel, Crooked, 
Burt and Mullett) understandably exhibit many similar 
limnological characteristics, since they are all inter- 
connected by relatively large and rapidly flowing river 
systems. Of these, Pickerel Lake has the lowest pop- 
ulation density on its shores and, in many respects, 
has the highest water quality in the four lake chain. 
Water color is yellowish-green (X to XV on the F-U Color 
Scale). Secchi disc depths range from 2.5 m during spring 
bloom conditions to 6.0 m duning winter. The euphotic 
zone is relatively deep, with the light compensation 
zone (depth of one percent light transmittance) vascil- 
lating slightly from 8 to 10 m year-round. The lake 
thermally stratifies, the thermocline ranging from 
9 to 16 m during mid-summer. Dissolved oxygen con- 
ditions in the hypolimnion drop under ten percent satur- 
ation during summer but remain high (greater than 50 
percent saturation) during winter stagnation. Alkalin- 
ity (140-180 mg/R), calcium (near 40 mg/R), and pH 
(7.5 to 8.5) are high and marl deposition is evident. 
Typical of marl lakes, phosphorus concentrations (gen- 
erally less than 10 pg/R total phosphorus) are low. 
Nitrogen concentrations (nitrate-nitrogen ranging from 
25 vg/R in epilimnetic waters to over 200 yg/R in hypo- 
limnetic waters) are relatively high. Silica levels are 
2.5 to 4.5 mg/R year-round. 
Crooked Lake, as mentioned previously, is known 
to have noticeably declined in water quality due to hu- 
man impact on its shores. Some of the oldest resort set- 
tlements in the study area are located on Crooked Lake. 
Many cottages were built prior to the time when septic 
tanks were required for sewage disposal. Swimming beaches 
have been intermittently closed due to high coliform bac- 
teria counts during the past few years. The lake is sub- 
ject to noticeable phytoplankton blooms, a phenomenon 
not common in most lakes in the study area. The princi- 
pal investigator once sampled the lake in July and observed 
a bloom of Dinobryo n  with Secchi disc transparency re- 
duced to 0.7 m. He returned a few days later to find 
Secchi disc transparency increased to 2.0 m and no evi- 
dence of the recent plankton bloom. Crooked Lake ther- 
mally stratifies during summer with the thermocline 
r a n g i n g  from 8 t o  1 2  m ,  Water c o l o r  i s  g r e e n  (WI 
on t h e  F-U Co lo r  S c a l e ) ,  and t u r b i d  from p h y t o p l a n k t o n ,  
During summer, 1973,  l i g h t  t r a n s p a r e n c y  was good w i t h  a  
S e c c h i  d i s c  d e p t h  o f  4 m and t h e  compensa t ion  d e p t h  f o r  
p h o t o s y n t h e t i c  a c t i v i t y  a t  1 2  m.  However, S e c c h i  d i s c  
d e p t h  was 2 . 8  m and t h e  compensa t ion  d e p t h  a t  8 m d u r i n g  
summer, 1974.  D i s s o l v e d  oxygen c o n c e n t r a t i o n s  were low 
i n  t h e  hypol imnion  d u r i n g  summer w i t h  no oxygen a t  t h e  
bot tom i n  b o t h  y e a r s .  Oxygen s a t u r a t i o n  a t  t h e  bot tom 
d u r i n g  w i n t e r  was n e a r  50 p e r c e n t  i n  1973 and 60 p e r c e n t  
i n  1974.  Mar l  d e p o s i t s  a r e  e v i d e n t  t h r o u g h o u t  t h e  l i t -  
t o r a l  zone i n  Crooked Lake. A l k a l i n i t y  and pH a r e  s i m -  
i l a r  t o  t h a t  found i n  P i c k e r e l  Lake. However, n u t r i -  
e n t s  a r e  g e n e r a l l y  s l i g h t l y  h i g h e r  i n  Crooked Lake t h a n  
i n  P i c k e r e l  Lake. 
Although Bur t  Lake i s  more t h a n  s i x  t i m e s  l a r g e r  
t h a n  Crooked Lake and c o n t a i n s  n e a r l y  t h r e e  t i m e s  more 
w a t e r  by volume, l i m n o l o g i c a l  f e a t u r e s  o f  t h e  two l a k e s  
a r e  s i m i l a r .  Bur t  Lake t h e r m a l l y  s t r a t i f i e s  d u r i n g  sum- 
mer,  w i t h  t h e  t h e r m o c l i n e  r a n g i n g  from 10 t o  1 5  m .  The 
d e p t h  o f  one p e r c e n t  l i g h t  t r a n s m i s s i o n  i s  a b o u t  10 m 
d u r i n g  summer. S e c c h i  d i s c  t r a n s p a r e n c y  i s  a b o u t  4 m 
i n  summer and 7 m d u r i n g  w i n t e r .  D i s s o l v e d  oxygen con-  
c e n t r a t i o n s  become low (one t o  20 p e r c e n t  s a t u r a t i o n )  
i n  t h e  hypol imnion ,but  d e p l e t e d  c o n d i t i o n s  have  n o t  
been o b s e r v e d .  D i s s o l v e d  oxygen i n  t h e  bot tom w a t e r s  
d u r i n g  w i n t e r  r ema ins  above 60 p e r c e n t  s a t u r a t i o n .  
All measured chemical parameters are generally similar 
in Crooked and Burt Lakes year-round. 
Mullett Lake is the receiving body for most of the 
Inland Water Route region's waters. In spite of its large 
watershed and the high human population density along its 
shores, Mullett Lake's water quality condition has re- 
mained good. The large volume of this, the deepest lake 
in the study area, is an important factor in diluting 
any nutrient loads entering the lake from its vast wa- 
tershed. The mid-summer thermocline in Mullett Lake ex- 
tends from 10 to 20 m. Secchi disc depths range from 
4 m in summer to 7 m in winter. The photosynthetic com- 
pensation zone is at 12 m in this lake. Dissolved oxy- 
gen remains high throughout the water column year-round. 
Bottom oxygen concentrations remain near 50 percent sat- 
uration during summer and 70 percent during winter. Val- 
ues for pH range from 8.5 at the surface to 7.8 near bot- 
tom during summer. Alkalinity and specific conductance 
values are near 150 mg/R and 300 pmhos, respectively. 
Calcium is about 40 mg/R and marl deposition is prevalent 
especially on rocky points and shoals. Total phosphorus 
concentrations (near 20 pg/R) are low but are generally 
slightly higher than in Burt Lake. Nitrate-nitrogen 
values (35 pg/R in epilimnetic waters and near 130 P ~ / R  
near bottom during summer) are similar to those found in 
Pickerel, Crooked and Burt Lakes. 
Black Lake also has an extremely large drainage ba- 
sin and heavy cottage development, but like Mullett Lake, 
i t s  l a r g e  s u r f a c e  a r e a  and volume a p p e a r  t o  b e  impor-  
t a n t  f a c t o r s  i n  t h e  c o n t i n u e d  ma in tenance  o f  i t s  good 
w a t e r  q u a l i t y .  S i n c e  Black Lake has  a  maximum d e p t h  o f  
o n l y  15  m and t h e  f e t c h  o f  t h e  wind o v e r  t h e  l a k e  s u r -  
f a c e  i s  l o n g ,  summer s t r a t i f i c a t i o n  i s  p r o b a b l y  a  tem- 
p o r a r y  phenomenon. Under warm and calm w e a t h e r  t h e r m a l  
s t r a t i f i c a t i o n  d e v e l o p s ,  a s  was a p p a r e n t  d u r i n g  o u r  sam- 
p l i n g  t r i p  i n  summer, 1973,  when a  t h e r m o c l i n e  was ob-  
s e r v e d  t o  b e g i n  a t  a  d e p t h  o f  10 m .  However, i n  summer 
1974,  homothermous c o n d i t i o n s  were o b s e r v e d .  A p p a r e n t l y ,  
Black Lake s t r a t i f i e s  t e m p o r a r i l y  d u r i n g  p e r i o d s  o f  calm 
w e a t h e r  and i s  r e p e a t e d l y  t u r n e d  o v e r  d u r i n g  windy weath-  
e r  t h roughou t  t h e  summer. Water i n  Black  Lake i s  a  
l i g h t l y  s t a i n e d ,  b rownish -g reen  c o l o r  ( X I X  on t h e  F-U 
Co lo r  S c a l e )  a p p a r e n t l y  due t o  b o t h  h i g h  biomass o f  d i a -  
toms i n  t h e  w a t e r  column and t o  t h e  p r e s e n c e  o f  humic ma- 
t e r i a l s  washed i n  from t h e  l a k e ' s  e x t e n s i v e  w a t e r s h e d .  
S e c c h i  d i s c  d e p t h s  between 3 . 0  and 4 . 5  m have  been  r e -  
co rded  and t h e  p h o t o s y n t h e t i c  compensa t ion  d e p t h  o c c u r s  
a t  8 m d u r i n g  summer. The l a k e  p r o b a b l y  does  n o t  s t r a -  
t i f y  l o n g  enough f o r  oxygen d e p l e t i o n  t o  o c c u r  i n  t h e  
bot tom w a t e r s .  Lowest v a l u e s  r e c o r d e d  n e a r  bot tom were 
1 2  p e r c e n t  s a t u r a t i o n  d u r i n g  summer and 31 p e r c e n t  i n  
w i n t e r .  O t h e r  Black Lake chemica l  p a r a m e t e r s  a r e  s i m -  
i l a r  t o  t h o s e  obse rved  i n  M u l l e t t  Lake. 
Phys iochemica l  c h a r a c t e r i s t i c s  o f  Douglas Lake have  
been  p r e v i o u s l y  d e s c r i b e d  by Welch (1927;  1 9 4 5 ) ,  Welch 
and E g g l e t o n  1932;  1935 ) and Tucker  (1957a).  The 
most prominent feature of the limnology of Douglas Lake 
is that each basin within the lake exhibits different 
physiochemical characteristics according to their 
depth and exposure to predominant winds. Welch called 
this phenomenon "submerged depression individuality". 
For brevity, only data for South Fishtail Bay of Douglas 
Lake will be discussed here. 
South Fishtail Bay is the depression in Douglas 
Lake most protected from wind action. Consequently, it 
warms up sooner in the spring, stratifies earlier in the 
summer, and turns over later in the fall than does the rest 
of the lake. The thermocline in the bay extends from 
about 7 to 15 m during mid-summer. Water color ( X V - X V I I  
on the F-U Color Scale) is lightly stained with brown 
humic materials. The compensation depth for photosyn- 
thetic activity is about 10 m throughout summer. In con- 
trast to the lakes mentioned previously, a large portion 
of the hypolimnion is devoid of oxygen from late summer 
until fall overturn. Oxygen also becomes depleted near 
the bottom during winter stagnation. The lake waters 
are highly buffered with alkalinity (120 to 130 mg/$) 
and calcium (32 mg/R). Marl deposition on firm substrates 
and on aquatic macrophytes is evident. The pH ranges 
from 8.5 in surface waters to 7.5 near bottom during sum- 
mer. Phosphorus concentrations are extremely low (one 
to 20 pg/R). Likewise, nitrogen is low during summer 
(nitrate-nitrogen usually under 100 pg/R), at times 
reaching values near zero in the upper water. Both 
phosphorus  and n i t r o g e n  compounds i n c r e a s e  w i t h  d e p t h  
d u r i n g  summer, presumably due t o  d e p l e t i o n  by p h y t o p l a n k -  
t o n  i n  e p i l i m n e t i c  w a t e r s  and r e g e n e r a t i o n  by m i c r o b i a l  
a c t i v i t y  i n  h y p o l i m n e t i c  w a t e r s .  A s i m i l a r  p a t t e r n  i s  
n o t e d  w i t h  s i l i c a ,  b u t  c o n c e n t r a t i o n s  i n  t h e  upper  w a t e r s  
r a r e l y  d r o p  below 2 mg/R. 
Submerged d e p r e s s i o n  i n d i v i d u a l i t y  r e a c h e s  i t s  
g r e a t e s t  e x p r e s s i o n  i n  t h e  s t u d y  a r e a  i n  Twin Lakes.  
The b a s i n s  i n  t h i s  c h a i n  a r e  s o  d i s t i n c t l y  s e p a r a t e d  from 
one a n o t h e r  and exchange o f  w a t e r  between them i s  s o  s l o w ,  
t h a t  t h e y  e s s e n t i a l l y  can  b e  t r e a t e d  a s  s e p a r a t e  e c o s y s -  
tems.  Bas in  "A" i s  f a i r l y  r e p r e s e n t a t i v e  o f  most d e -  
p r e s s i o n s  8 t o  1 3  m deep  i n  t h e  Twin Lakes c h a i n ,  w h i l e  
b a s i n  "G"  i s  t h e  most d i s t i n c t i v e  d e p r e s s i o n  s i n c e  i t  i s  
c o n s i d e r a b l y  d e e p e r  ( 2 2 . 3  m) t h a n  t h e  r e s t .  
B a s i n  "A" o f  Twin Lakes h a s  a  maximum d e p t h  o f  7 .6 m 
and a  s u r f a c e  a r e a  o f  5 . 3  ha .  I t  i s  s u f f i c i e n t l y  s h a l l o w  
s o  t h a t  summer s t r a t i f i c a t i o n  i s  weakly deve loped  ( s u r f a c e  
and bot tom t e m p e r a t u r e s  o f  abou t  23 and 16' C ,  r e s p e c -  
t i v e l y ) .  The b a s i n  i s  t y p i c a l  of  m a r l  l a k e s  w i t h  emera ld  
g r e e n  c o l o r  ( V I I - X  on t h e  F-U Co lo r  S c a l e ) ,  h i g h  a l k a l i n -  
i t y  (160 t o  170 mg/R) , pH ( 8 . 2  t o  8 . 4 )  and c a l c i u m  
( g r e a t e r  t h a n  50 mg/R ) .  L i g h t  p e n e t r a t i o n  i s  e x c e l l e n t ,  
w i t h  t h e  S e c c h i  d i s c  s t i l l  v i s i b l e  on bot tom.  The e n t i r e  
b a s i n  i s  cove red  w i t h  e x t e n s i v e  d e p o s i t s  o f  m a r l .  Oxygen 
c o n c e n t r a t i o n  remains  n e a r  s a t u r a t i o n  t h r o u g h o u t  t h e  wa- 
t e r  column d u r i n g  i c e - f r e e  c o n d i t i o n  and h a s  n o t  been  
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obse rved  t o  d rop  below 60 p e r c e n t  s a t u r a t i o n  d u r i n g  win-  
t e r .  C o p r e c i p i t a t i o n  of  phosphorus  w i t h  ca l c ium c a r b o -  
n a t e  i s  undoub ted ly  o c c u r i n g  i n  t h i s  b a s i n .  T o t a l  phos-  
phorus  c o n c e n t r a t i o n s  a r e  be low 16 vg/R y e a r - r o u n d .  N i -  
t r a t e - n i t r o g e n  v a l u e s  a r e  a l s o  low, u s u a l l y  below 150 v g / ~  
y e a r - r o u n d .  S i l i c a  c o n c e n t r a t i o n s  ( 2 . 5  t o  3 . 5  mg/R) a r e  
s i m i l a r  t o  t h o s e  found i n  t h e  a fo remen t ioned  l a k e s .  
Bas in  "G" i s  n o t  o n l y  d e e p e r  t h a n  o t h e r  d e p r e s s i o n s  
i n  t h e  Twin Lakes c h a i n  b u t  i s  25 h a  i n  s u r f a c e - a r e a .  I t  
i s  t h e r e f o r e  two t o  f i v e  t i m e s  l a r g e r  t h a n  t h e  o t h e r s .  
Thermal s t r a t i f i c a t i o n  o c c u r s  i n  t h i s  b a s i n  th roughou t  
summer, w i t h  t h e  t h e r m o c l i n e  e x t e n d i n g  from 6  t o  11 m e t e r s .  
Co lo r  i s  o n l y  s l i g h t l y  g r e e n e r  (F-U Color  S c a l e  v a l u e  o f  
XII)  t h a n  i n  t h e  r e s t  o f  t h e  Twin Lakes c h a i n .  S e c c h i  
d i s c  d e p t h s  o f  6  t o  8 m a r e  r e c o r d e d  y e a r - r o u n d .  The 
d e p t h  o f  one p e r c e n t  l i g h t  t r a n s m i s s i o n  i s  14 m d u r i n g  
summer. D i s s o l v e d  oxygen becomes d e p l e t e d  n e a r  t h e  b o t -  
tom d u r i n g  summer and w i n t e r  ( 3  and 34 p e r c e n t  s a t u r a t i o n ,  
r e s p e c t i v e l y ) . .  However, z e r o  oxygen c o n d i t i o n s  have n o t  
been  o b s e r v e d  d u r i n g  any s e a s o n  i n  t h i s  b a s i n .  O t h e r  
chemica l  p a r a m e t e r s  a r e  s i m i l a r  f o r  b a s i n s  "A" and "G",  
e x c e p t  t h a t  g r e a t e r  n i t r o g e n ,  phosphorus ,  and s i l i c a  v a l -  
ues  a r e  found i n  t h e  bot tom w a t e r s  o f  b a s i n  " G "  d u r i n g  
w i n t e r ,  p resumably  due t o  r e g e n e r a t i o n .  
Long Lake i s  a n o t h e r  m u l t i d e p r e s s i o n  l a k e  f e a t u r i n g  
t h r e e  b a s i n s ,  b u t  t h e y  a r e  i n t e r c o n n e c t e d  a t  a  deep  l e v e l  
and have  s i m i l a r  l i m n o l o g i c a l  f e a t u r e s .  D i s c u s s i o n  h e r e  
w i l l  c e n t e r  on b a s i n  '!A1', t h e  d e e p e s t  (19 .5  m) d e p r e s s i o n  i n  
t h e  l a k e .  T h i s  b a s i n  t h e r m a l l y  s t r a t i f i e s  d u r i n g  summer, 
w i t h  t h e  t h e r m o c l i n e  e x t e n d i n g  from 6 t o  14 m .  
Water c o l o r  i s  l i g h t  g r e e n i s h  y e l l o w  ( X - X I Y  on t h e  
F-U Color  S c a l e ) .  L i g h t  p e n e t r a t i o n  i s  good,  w i t h  S e c c h i  
d i s c  d e p t h s  r a n g i n g  from 2 . 5  i n  summer t o  8 . 3  i n  w i n t e r .  
Depth o f  one p e r c e n t  l i g h t  t r a n s m i t t a n c e  i s  1 1 . 5  m d u r i n g  
summer. D i s s o l v e d  oxygen d e p l e t i o n  o c c u r s  i n  t h e  hypo- 
l i m n i o n  d u r i n g  summer and w i n t e r ,  b u t  v a l u e s  l e s s  t h a n  
two p e r c e n t  s a t u r a t i o n  n e a r  t h e  bot tom have  n o t  b e e n  
obse rved .  A l k a l i n i t y  (98 t o  120 mg/R) , c a l c i u m  ( 2 5  t o  
40 mg/g) ,  and pH (8 .6  i n  s u r f a c e  w a t e r s  and 7 . 3  n e a r  b o t -  
tom) a r e  i n  s i m i l a r  c o n c e n t r a t i o n s  t o  t h o s e  found i n  t h e  
a fo remen t ioned  l a k e s .  Marl  d e p o s i t i o n  i s  a p p a r e n t  b u t  
n o t  e x t e n s i v e  i n  l i t t o r a l  a r e a s  o f  Long Lake. T o t a l  
phosphorus v a l u e s  a r e  no rmal ly  l e s s  t h a n  10 pg/R i n  upper  
w a t e r s  and r e a c h  o v e r  40 pg/R n e a r  bot tom d u r i n g  b o t h  
summer and w i n t e r  s t a g n a t i o n  p e r i o d s .  N i t r a t e - n i t r o g e n  
v a l u e s  a r e  u s u a l l y  l e s s  t h a n  50 &/R d u r i n g  i c e - f r e e  
months and a r e  a p p r o x i m a t e l y  t h r e e  t i m e s  h i g h e r  d u r i n g  
w i n t e r .  S i l i c a  (< 0 . 6  mg/R ) i s  much lower  t h a n  i n  o t h -  
e r  deep  h a r d - w a t e r  l a k e s ,  p e r h a p s  b e c a u s e  Long Lake h a s  
one o f  t h e  s m a l l e s t  w a t e r s h e d s  o f  any l a k e  i n  t h e  s t u d y  
a r e a .  
Sha l low Hard-water  Lakes 
L a r k s ,  Munro, and Round Lakes e x h i b i t  many s i m i l a r  
l i m n o l o g i c a l  c h a r a c t e r i s t i c s .  They a r e  t y p i c a l  s h a l l o w  
mar l  l a k e s ,  w i t h  d e p o s i t s  o f  c a l c i u m  c a r b o n a t e  e v i d e n t  
on f i r m  s u b s t r a t e s  and a q u a t i c  macrophy tes .  Sediments  
i n - d e e p e r  w a t e r s  a r e  s i l t y  and c r e a m - c o l o r e d ,  c o n s i s t i n g  
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l a r g e l y  of  a  c a l c i u m  c a r b o n a t e  f l o c .  Water c o l o r  i n  a l l  
t h r e e  l a k e s  i s  l i g h t  g r e e n  WIII-XY on t h e  F-U Co lo r  S c a l e )  
and i s  e x t r e m e l y  c l e a r ,  w i t h  t h e  S e c c h i  d i s c  v i s i b l e  t o  
t h e  bot tom.  Larks  Lake i s  t h e  c l e a r e s t ,  w i t h  50 p e r c e n t  
o f  s u r f a c e  i r r a d i a n c e  r e a c h i n g  t h e  bo t tom.  Round Lake 
i s  t h e  most  t u r b i d ,  w i t h  o n l y  7 p e r c e n t  r e a c h i n g  t h e  b o t -  
tom d u r i n g  summer. D i s s o l v e d  oxygen c o n c e n t r a t i o n s  a r e  
n e a r  s a t u r a t i o n  th roughou t  most of t h e  volume o f  a l l  
t h r e e  l a k e s  d u r i n g  i c e - f r e e  months.  Some d e p l e t i o n  (10 
p e r c e n t  s a t u r a t i o n )  o c c u r s  n e a r  bot tom i n  Munro Lake 
d u r i n g  summer. Oxygen d e p l e t i o n  i s  e v i d e n t  under  t h e  
i c e  i n  a l l  t h r e e  l a k e s .  Win te r  oxygen s a t u r a t i o n  v a l u e s  
n e a r  t h e  bot tom r a n g e  from 75 p e r c e n t  i n  Larks  Lake t o  
50 p e r c e n t  i n  Round Lake t o  l e s s  t h a n  30 p e r c e n t  i n  Mun- 
r o  Lake. W i n t e r k i l l  i s  known t o  o c c u r  i n  Munro Lake 
d u r i n g  l o n g  w i n t e r s  of  heavy s n o w f a l l .  A l l  t h r e e  l a k e s  
a r e  h i g h l y  b u f f e r e d  w i t h  c a l c i u m  c a r b o n a t e .  Values  f o r  
pH r a n g e  from 8 . 3  t o  8 . 7  i n  summer and 7 . 5  t o  7 .8  i n  
w i n t e r .  A l k a l i n i t y  v a l u e s  o f  100 t o  110 mg/R a r e  obse rved  
d u r i n g  summer w h i l e  c o n c e n t r a t i o n s  i n c r e a s e  t o  o v e r  
150 mg/R i n  Round and Munro Lakes ,  and o v e r  200 mg/R 
i n  Larks  Lake d u r i n g  w i n t e r .  L ikewise ,  c a l c i u m  concen-  
t r a t i o n s  r i s e  from n e a r  30 mg/R i n  summer t o  37 mg/R i n  
Munro Lake,  and o v e r  50 mg/R i n  Round and Larks Lakes 
d u r i n g  w i n t e r .  These d a t a  i n d i c a t e  t h a t  some ca lc ium 
c a r b o n a t e  i s  g o i n g  b a e k  i n t o  s o l u t i o n  d u r i n g  w i n t e r .  
T o t a l  phosphorus  i s  low ( l e s s  t h a n  20 pg/R) i n  a l l  t h r e e  
l a k e s  d u r i n g  summer, and o n l y  a  s l i g h t  i n c r e a s e  i n  
c o n c e n t r a t i o n  (30 t o  50 pg/R) o c c u r s  i n  Round Lake 
d u r i n g  w i n t e r ,  N i t r a t e - n i t r o g e n  c o n c e n t r a t i o n s  a r e  a l -  
s o  low ( l e s s  t h a n  100 pg/R) i n  a l l  t h r e e  l a k e s  d u r i n g  
i c e - f r e e  c o n d i t i o n s ,  b u t  t r i p l e  d u r i n g  w i n t e r .  
Carp Lake i s  t u r b i d  and g r e e n  i n  c o l o r  from a  h i g h  
s t a n d i n g  c r o p  o f  p h y t o p l a n k t o n .  S e c c h i  d i s c s  of  g r e a t e r  
t h a n  2 m a r e  r a r e l y  obse rved .  Al though t h e  l a k e  i s  o n l y  
4 . 6  m deep ,  l i g h t  p e n e t r a t i o n  does n o t  o c c u r  t o  t h e  b o t -  
tom. The compensa t ion  d e p t h  f o r  p h o t o s y n t h e t i c  a c t i v i t y  
i s  a t  3 .5  m d u r i n g  summer. The l a k e  i s  s u f f i c i e n t l y  
l a r g e  and s h a l l o w  enough t h a t  w i n d - g e n e r a t e d  c u r r e n t s  
undoub ted ly  mix i t  c o m p l e t e l y .  Consequen t ly ,  d i s s o l v e d  
oxygen c o n d i t i o n s  a r e  n e a r  s a t u r a t i o n  t h r o u g h o u t  t h e  
w a t e r  column d u r i n g  i c e - f r e e  c o n d i t i o n s .  Most o f  t h e  
w a t e r  column remains  h i g h  i n  oxygen d u r i n g  w i n t e r  e x c e p t  
n e a r e s t  t h e  bo t tom,  where s a t u r a t i o n  d rops  t o  40 p e r c e n t .  
Marl  d e p o s i t i o n  i s  p r e s e n t  i n  Carp Lake b u t  i s  n o t  a s  
e x t e n s i v e  a s  i n  t h e  a fo remen t ioned  s h a l l o w  l a k e s .  Alk-  
a l i n i t y  r a n g e s  from n e a r  100 mg/R i n  summer t o  o v e r  
120 mg/R i n  w i n t e r .  L ikewise ,  c a l c i u m  i n c r e a s e s  from 
2 7  t o  37 mg/R from summer t o  w i n t e r .  Phosphorus ( 7  t o  
37 l~g/R t o t a l  phosphorus)  and n i t r o g e n  ( 6 0  t o  100 ,,g/R) 
a r e  low y e a r - r o u n d .  
S p r i n g  and Mud Lakes a r e  e x t r e m e l y  p r o d u c t i v e  w a t e r  
b o d i e s  t h a t  a p p e a r  t o  have been  i n f l u e n c e d  by p a s t  human 
a c t i v i t i e s .  A f o r m e r l y  a c t i v e  brewery s t o o d  n e a r  t h e  
s h o r e s  of S p r i n g  Lake and undoub ted ly  u s e d  t h e  l a k e  f o r  
dumping of high nutrient wastes. Both Mud and Spring 
Lakes are close to the city of Petoskey, one of the 
oldest towns in the study area and one that is currently 
exhibiting rapid growth. We are in the process of as- 
sessing past and present impacts of human development 
on these two lakes. Photosynthetic activity from both 
aquatic macrophytes and phytoplankton drive oxygen levels 
to supersaturation (up to 140 percent) and pH levels to 
9.2 in Spring and Mud Lakes during the warmest months of 
the year. Water color in both lakes is green (XII-XVIII 
on the F-U Color Scale) and the Secchi disc is visible 
to the bottom in these shallow water bodies. Marl de- 
position is evident on aquatic macrophytes but there does 
not appear to be a build-up of marl in the sediments of 
either lakes. Nutrient regeneration in both lakes during 
winter is dramatic. Alkalinity rises from approximately 
150 mg/R in summer to nearly 300 mg/R during winter. 
Values for pH drop from well over 8.5 in summer to 7.6 
in winter. Calcium concentrations are two to three times 
higher in winter (60 to 90 mg/R) than in summer (26 to 
42 mg/R). Silica concentrations triple between summer 
(1.0 to 1.5 mg/R) and winter (3 to 5 mg/R) . Total 
phosphorus values are low (9 to 16 pg/R ) in summer, but 
are six times higher in Spring Lake and three times high- 
er in Mud Lake during winter. Summer values for nitrate- 
nitrogen range from 76 to 122 vg/R in Spring Lake, and 
near 50 yg/k in Mud Lake. Concentrations are fifteen 
t i m e s  h i g h e r  i n  S p r i n g  Lake and 20  t i m e s  h i g h e r  i n  Mud 
Lake d u r i n g  w i n t e r .  
Wildwood Lake,  i n  i t s  s h o r t  n i n e  y e a r  e x i s t e n c e  a s  
an  a r t i f i c i a l  l a k e ,  h a s  been  b e s e t  w i t h  s e r i o u s  e n v i r o n -  
men ta l  problems ma in ly  e x p r e s s e d  i n  p r o f u s e  growths  o f  
a q u a t i c  macrophy tes .  N u t r i e n t s  a r e  p r o b a b l y  s t i l l  l e a c h -  
i n g  o u t  o f  t h e  submerged s o i l s  o f  t h e  fo rmer  Brad ley  Creek 
v a l l e y  and a r e  undoub ted ly  b e i n g  augmented by l e a c h a t e  
from s e p t i c  t a n k  d r a i n f i e l d s  a l o n g  t h e  sandy l a k e s h o r e .  
Water c o l o r  i s  y e l l o w i s h  g r e e n  w i t h  l i g h t  brownish  s t a i n  
( X V I  t o  I X X  on t h e  F-U Color  S c a l e ) .  L i g h t  p e n e t r a t e s  
t o  t h e  bot tom t h r o u g h o u t  t h e  l a k e .  The S e c c h i  d i s c  u s u -  
a l l y  d i s p p e a r s  from view j u s t  b e f o r e  t h e  bot tom ( 4  m); 
Most o f  t h e  volume of  Wildwood Lake i s  s a t u r a t e d  w i t h  
d i s s o l v e d  oxygen d u r i n g  i c e - f r e e  months e x c e p t  n e a r  t h e  
mud-water  i n t e r f a c e ,  where v a l u e s  l e s s  t h a n  70 p e r c e n t  
s a t u r a t i o n  have been  o b s e r v e d .  High r a t e s  o f  d i s s o l v e d  
oxygen consumption by decompos i t ion  and r e s p i r a t i o n  p r o -  
c e s s e s  a r e  r e f l e c t e d  by low oxygen c o n c e n t r a t i o n s  ( 4 5  
p e r c e n t  s a t u r a t i o n  n e a r  s u r f a c e  and 1 3  p e r c e n t  n e a r  b o t -  
tom) under  t h e  i c e .  Some l o c a l  r e s i d e n t s  s a y  t h a t  win-  
t e r k i l l  of  f i s h  h a s  o c c u r r e d  a t  l e a s t  t h r e e  t i m e s  i n  Wild-  
wood Lake,  b u t  t h e r e  a r e  no r e c o r d s  t o  s u b s t a n t i a t e  t h i s  
c l a i m .  Summer pH v a l u e s  r a n g e  from 8 . 3  a t  t h e  s u r f a c e  t o  
7 . 9  n e a r  bot tom.  A l k a l i n i t y  i s  n e a r  120 mg/R w h i l e  c a l -  
cium c o n c e n t r a t i o n s  a r e  about  35 mg/R. Marl e n c r u s t a t i o n  
i s  v i s i b l e  on a q u a t i c  macrophytes  b u t  t h e r e  i s  no  o b s e r -  
v a b l e  d e p o s i t i o n  on t h e  s e d i m e n t s .  Summer v a l u e s  f o r  
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nitrate-nitrogen (40 pg/R) and silica (0.3 mg/R) are 
low, but values for total phosphorus (45 ug/R) are high 
in comparison with other hard-water lakes in the study 
area. Considerable regeneration of these nutrients is 
indicated during winter, with mean values of 200 ,,g/R, 
1.4 mg/R and 58 pg/R observed for nitrate-nitrogen, silica, 
and total phosphorus respectively. 
In contrast to Wildwood Lake, Silver Lake (Koehler 
Township) receives relatively little human impact, and 
water quality conditions are excellent. Silver Lake is 
a marl lake with lightly turbid emerald green green water (IX 
to X on the F-U Color Scale) Secchi disc depth is 4 to 
6 m during ice-free months, and the depth of one percent 
light transmission (8m) is reached near the bottom (9.8 m) . 
Dissolved oxygen saturations near bottom remain above 70 
percent saturation year-round. Alkalinity averages 140 mg/R, 
and calcium concentration is near 40 mg/R. Values for pH 
above 8.3 are common throughout ice-free months. Calcium 
carbonate is visible on aquatic macrophytes, and marl de- 
posits constitute a major portion of sediments. Total 
phosphorus (14 u g/R) and nitrate-nitrogen (50 g/R) are 
low during summer. Phosphorus concentrations remain essen- 
tially the same year-round, while nitrate-nitrogen doubles 
during winter. Silica concentrations are relatively high 
(3.8 mg/R) and do not change significantly with seasons. 
Osmun and McLavey Lakes also receive little human im- 
pact and are in good water quality condition. Color of 
both lakes is only slightly stained with brown humic mater- 
ials (XVI-XIX on the F-U Color Scale). Light penetration 
is excellent, with the Secchi disc visible on the 
bot tom.  T h i r t y - n i n e  p e r c e n t  of  s u r f a c e  i l l u m i n a t i o n  
r e a c h e s  t h e  bot tom i n  Osmun Lake, and two p e r c e n t  r e a c h e s  
t h e  bot tom i n  McLavey Lake. D i s s o l v e d  oxygen remains  
n e a r  s a t u r a t i o n  th rough  t h e  e n t i r e  w a t e r  column i n  b o t h  
l a k e s  d u r i n g  i c e - f r e e  c o n d i t i o n s  and remains  h i g h  t h r o u g h -  
o u t  w i n t e r .  A l k a l i n i t y  ( 9 0  mg/a) and c a l c i u m  (abou t  26 mg/R) 
c o n c e n t r a t i o n s  a r e  lower  t h a n  t h e  a fo remen t ioned  s h a l l o w  
h a r d w a t e r  l a k e s ,  b u t  pH v a l u e s  a r e  commonly above 8 . 2  i n  
b o t h  Osmun and McLavey Lakes d u r i n g  summer. Some m a r l  i s  
obse rved  on a q u a t i c  macrophytes  i n  b o t h  l a k e s ,  b u t  no- 
mar l  d e p o s i t i o n  i s  obse rved  i n  r e c e n t  s e d i m e n t s  o f  McLa- 
vey Lake. I t  a l s o  does  n o t  a p p e a r  t o  b e  a  ma jo r  f r a c -  
t i o n  o f  bot tom muds i n  Osmun Lake. Phosphorus (11  t o  1 2  
u g / k  t o t a l  phosphorus)  and n i t r o g e n  (45 t o  57 vg/L n i t r a t e -  
n i t r o g e n )  a r e  low i n  b o t h  l a k e s  d u r i n g  summer and d e c r e a s e s  
i n  w i n t e r .  S i l i c a  c o n c e n t r a t i o n s  ( 2 . 5  t o  2 . 8  mg/R i n  
Osmun Lake and 3 . 0  t o  4 . 0  mg/k i n  McLavey Lake) remain  
a p p r o x i m a t e l y  t h e  same y e a r - r o u n d  i n  b o t h  l a k e s .  
The r emain ing  l a k e s  a r e  a l l  impoundments f o r  w i l d l i f e  
management o r  h y d r o e l e c t r i c  p u r p o s e s .  Wycamp, French  
Farm, and R o b e r t s  Lakes were n a t u r a l  l a k e s  t h a t  had  dams 
c o n s t r u c t e d  a t  t h e i r  o u t l e t s  t o  s t a b i l i z e  w a t e r  l e v e l s ,  
p resumably  f o r  t h e  enhancement o f  w i l d l i f e  p r o d u c t i o n .  
Kleber  and Alverno  Ponds a r e  h y d r o e l e c t r i c  r e s e r v o i r s  on 
t h e  Upper and Lower Black  R i v e r s ,  r e s p e c t i v e l y ,  
French  Farm and Wycamp Lakes b o t h  have  f i r m  s u b s t r a t e s  
t h r o u g h o u t  which s u p p o r t  growths o f  submergent  and emer- 
g e n t  v e g e t a t i o n .  Sediments  i n  R o b e r t s  Lake a r e  s o f t  and 
f l o c c u l e n t ,  w i t h  v e g e t a t i o n  m o s t l y  c o n f i n e d  t o  t h e  p e r -  
i p h e r y  o f  t h e  l a k e ,  L i g h t  p e n e t r a t i o n  i s  good,  w i t h  t h e  
S e c c h i  d i s c  v i s i b l e  on bot tom i n  a l l  t h r e e  l a k e s .  Over 
2 0  p e r c e n t  of  s u r f a c e  i l l u m i n a t i o n  r e a c h e s  bot tom i n  each  
l a k e .  D i s s o l v e d  oxygen i s  n e a r  s a t u r a t i o n  d u r i n g  i c e -  
f r e e  months and r emains  h i g h  i n  w i n t e r  i n  a l l  t h r e e  l a k e s .  
A l k a l i n i t y ,  pH, and c a l c i u m  a r e  h i g h  and ma jo r  n u t r i e n t s  
a r e  low i n  t h e s e  l a k e s ,  s i m i l a r  t o  t h e  p a t t e r n  obse rved  
i n  most m a r l  l a k e s  i n  t h e  s t u d y  a r e a .  Marl d e p o s i t i o n  
i s  p r e v a l e n t  i n  a l l  t h r e e  l a k e s ,  e s p e c i a l l y  i n  Rober t s  
Lake where s e d i m e n t s  a r e  p r e d o m i n a t e l y  a  c a l c i u m  c a r b o -  
n a t e  f l o c .  N u t r i e n t s  g e n e r a l l y  remain  low y e a r - r o u n d .  
The o n l y  s i g n i f i c a n t  e x c e p t i o n  i s  a t e n - f o l d  i n c r e a s e  i n  
n i t r a t e - n i t r o g e n  from summer t o  w i n t e r  i n  Wycamp Lake. 
Both Alve rno  and Klebe r  Ponds have phys icochemica l  
c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  obse rved  i n  Black Lake. 
They a r e  h i g h l y  b u f f e r e d  ecosys tems w i t h  h i g h  a l k a l i n i t y ,  
c a l c i u m ,  pH, and r e l a t i v e l y  low n u t r i e n t  c o n c e n t r a t i o n s .  
D i s s o l v e d  oxygen remains  h i g h  th roughou t  t h e  w a t e r  c o l -  
umn i n  b o t h  r e s e r v o i r s  y e a r - r o u n d .  Rapid f l u s h i n g  r a t e s  
a r e  undoub ted ly  i m p o r t a n t  i n  s u s t a i n i n g  good w a t e r  q u a l -  
i t y  c o n d i t i o n s  i n  Alverno  and Kleber  Ponds. 
Brown Hard -wa te r  Lakes 
S i x  l a k e s  i n  t h e  I n l a n d  Water Route r e g i o n  a r e  h a r d -  
w a t e r  l a k e s ,  b u t  i n  c o n t r a s t  t o  t h o s e  ment ioned  p r e v i o u s -  
l y ,  t h e s e  l a k e s  a r e  a l l  d e e p l y  s t a i n e d  w i t h  brown humic 
m a t e r i a l s  (XX t o  XXI on t h e  F-U Co lo r  S c a l e ) .  Three  o f  
them ( A r n o t t ,  L a n c a s t e r  and Lance Lakes) a r e  deep  k e t t l e  
l a k e s .  Two (Cornwal l  and S toney)  a r e  f lowages  t h a t  m o s t l y  
d r a i n  boggy w e t l a n d s  and have  t h e r e f o r e  a t t a i n e d  a  brown 
w a t e r  c h a r a c t e r .  The o t h e r  (Mud Lake Bog) h a s  an a c i d -  
forming mat o f  bog v e g e t a t i o n ,  b u t  t h e  open w a t e r  i s  d e -  
c i d e d l y  b a s i c .  
A r n o t t  and L a n c a s t e r  Lakes appea r  t o  be  i n  v e r y  e a r l y  
s t a g e s  o f  h y d r a r c h  s u c c e s s i o n ,  p r o g r e s s i n g  toward  d y s t r o -  
phy. Both l a k e s  a r e  s u r r o u n d e d  by e n c r o a c h i n g  s h r u b - l i k e  
v e g e t a t i o n  c h a r a c t e r i s t i c  of  n o r t h e r n  bogs .  Lance Lake 
may have had a  s i m i l a r  appea rance  a t  one t i m e ,  b u t  i t  i s  
su r rounded  by lawns and c o t t a g e s  now. A l l  t h r e e  l a k e s  
have  s o f t ,  f l o c c u l e n t  s e d i m e n t s  f rom s h o r e  t o  s h o r e .  The 
b r o w n - s t a i n e d  w a t e r s  i n  t h e s e  l a k e s  e x t i n g u i s h  i l l u m i n a -  
t i o n  q u i c k l y .  The compensa t ion  d e p t h  f o r  p h o t o s y n t h e t i c  
a c t i v i t y  d u r i n g  summer i s  3 ,  4 ,  and 5 m i n  A r n o t t ,  Lan- 
c a s t e r  and Lance -Lakes ,  r e s p e c t i v e l y .  S e c c h i  d e p t h s  a r e  
r a r e l y  o v e r  3 m d u r i n g  i c e - f r e e  months.  S i n c e  t h e s e  
l a k e s  a r e  s m a l l ,  deep  and p r o t e c t e d  from wind a c t i o n ,  
t h e y  t h e r m a l l y  s t r a t i f y  e a r l y  i n  t h e  s p r i n g  and remain  
s t r a t i f i e d  u n t i l  l a t e  i n  t h e  f a l l .  The t h e r m o c l i n e  d e -  
v e l o p s  and r emains  a t  a  s h a l l o w  d e p t h .  T h e r e f o r e ,  each  
o f  t h e s e  l a k e s  have a  l a r g e  hypol imnion  r e l a t i v e  t o  t h e  
e p i l i m n i o n .  P r o d u c t i v i t y  i n  t h e s e  l a k e s  i s  h i g h ,  a s  i n -  
d i c a t e d  by f r e q u e n t  p h y t o p l a n k t o n  blooms d u r i n g  i c e - f r e e  
months.  We have  o b s e r v e d  l a r g e  p u l s e s  of  b l u e - g r e e n  a l g a e  
i n  A r n o t t  and L a n c a s t e r  Lakes and phenomenal blooms o f  
Ceratium i n  Lance Lake. Under s u c h  c o n d i t i o n s ,  i t  i s  n o t  
s u r p r i s i n g  t h a t  h y p o l i m n e t i c  oxygen d e f i c i t s  a r e  h i g h  i n  
t h e s e  l a k e s .  D i s s o l v e d  oxygen c o n c e n t r a t i o n s  a r e  z e r o  
t h r o u g h o u t  most o f  t h e  hypol imnion  i n  Lance Lake by 
mid-summer. Oxygen d e c r e a s e s  t h r o u g h o u t  t h e  hypol imnion  
t o  n e a r  z e r o  a t  t h e  b o t t o m  o f  A r n o t t  and L a n c a s t e r  Lakes 
i n  summer. Dur ing  w i n t e r  s t a g n a t i o n ,  d i s s o l v e d  oxygen 
g e n e r a l l y  r a n g e s  from n e a r  50 p e r c e n t  s a t u r a t i o n  under  
t h e  i c e  t o  under  20 p e r c e n t  n e a r  bo t tom.  Lowest oxygen 
v a l u e s  n e a r  bot tom r e c o r d e d  f o r  t h e s e  l a k e s  d u r i n g  w i n t e r  
were  0 . 6  p e r c e n t  f o r  A r n o t t  Lake i n  1973 and 2.0 f o r  Lance 
Lake i n  1974.  Va lues  f o r  pH g e n e r a l l y  r a n g e  from 8.2 a t  
t h e  s u r f a c e  t o  7 . 3  a t  t h e  bot tom d u r i n g  summer. 
A l l  c h e m i c a l  p a r a m e t e r s  measured i n  A r n o t t ,  L a n c a s t e r  
and Lance Lakes i n c r e a s e  w i t h  d e p t h  d u r i n g  s t r a t i f i e d  
c o n d i t i o n s  e x c e p t  d i s s o l v e d  oxygen and pH. A l k a l i n i t y  
i s  h i g h  and a v e r a g e s  160 mg/R i n  t h e s e  l a k e s .  Calcium 
(44 t o  48 mg/R) i s  e s p e c i a l l y  h i g h  i n  A r n o t t  Lake,  and 
a l s o  r e l a t i v e l y  h i g h  i n  L a n c a s t e r  ( 3 2  mg/R) and Lance 
(26 t o  46 mg/R). Some m a r l  e n c r u s t a t i o n  i s  o b s e r v a b l e  
on a q u a t i c  macrophytes  i n  t h e  l i t t o r a l  zone ,  b u t  no a c -  
c u m u l a t i o n  i s  a p p a r e n t  i n  t h e  s e d i m e n t s .  The hypol imnion  
o f  t h e s e  l a k e s  a c t s  a s  a  n u t r i e n t  s i n k  d u r i n g  t h e r m a l l y  
s t r a t i f i e d  p e r i o d s ,  w i t h  r e d i s t r i b u t i o n  i n t o  u p p e r  wa- 
t e r s  o c c u r r i n g  d u r i n g  s p r i n g  and f a l l  o v e r t u r n .  T o t a l  
phosophorus  c o n c e n t r a t i o n s  ( a p p r o x i m a t e l y  20 l ~ g / R )  a r e  
low i n  t h e  e p i l i m n i o n  o f  a l l  t h r e e  l a k e s  d u r i n g  summer. 
V a l u e s  n e a r  bo t tom i n c r e a s e  s l i g h t l y  (23  pg/R) i n  A r n o t t  
Lake, r i s e  a p p r o x i m a t e l y  t e n  t i m e s  (240 pg/R) i n  L a n c a s t e r  
Lake, and i n c r e a s e  d r a m a t i c a l l y  (1,370 pg/R) i n  Lance 
Lake. S i m i l a r  i n c r e a s e s ,  b u t  o f  l e s s  m a g n i t u d e ,  o c c u r  
from s u r f a c e  t o  bot tom i n  each  o f  t h e s e  l a k e s  d u r i n g  
winter. Nitrate-nitrogen concentrations average 80 v g/R 
in Arnott Lake and 125 p.g/R in Lancaster Lake. There 
is little variance with depth during summer. However, 
nitrate-nitrogen increases from 10 vg/R and the surface 
to almost 100 ug/R near bottom in Lance Lake during 
summer. Concentrations of nitrate-nitrogen increase in 
winter approximately two to three times over summertime 
values. Silica is high in all three lakes. Silica in 
Arnott Lake is approximately 2.5 mg/R during summer and 
varies little with depth. However, silica increases dra- 
matically with depth in both Lancaster (3.2 mg/L at the 
surface to 5.0 mg/R near bottom) and Lance (0.7 mg/R Bo 
6.4 mglli) Lakes: Regeneration of silica is indicated 
in all three lakes by higher values during winter then 
in summer. 
Since Stoney Creek Flowage is generally less than 
one meter deep throughout, it is mostly choked with sub- 
mergent and emergent aquatic vegetation. Even though 
its waters are highly stained, light penetration in these 
shallow waters is good. Dissolved oxygen is obviously 
high during ice-free conditions but drops to near 20 
percent saturation during winter. Alkalinity (150 mg/R), 
pH ( 7 . 9 ) ,  and calcium (54 mg/R) are all high during sum- 
mer and, except for pH ( 7 . 2 ) ,  remain so year-round. To- 
tal phosphorus (16 u.g/R) and nitrate-nitrogen (140 Il g/R) 
are low during summer and do not change significantly in 
winter. Silica is high (3.2 mg/R) year-round. 
Cornwal l  Creek Flowage i s  d e e p e r  (5 .5  n) t h a n  
S t o n e y  Creek Flowage b u t  n e v e r t h e l e s s  s u p p o r t s  an abun- 
d a n t  growth o f  a q u a t i c  macrophytes .  The S e c c h i  d i s c  
d e p t h  i s  t h r e e  m e t e r s ,  w i t h  two p e r c e n t  of  s u r f a c e  i l -  
l u m i n a t i o n  r e a c h i n g  t h e  bot tom d u r i n g  summer i n  Corn- 
w a l l  Creek Flowage. D i s s o l v e d  oxygen remains  h i g h  t h r o u g h -  
o u t  t h e  w a t e r  column y e a r - r o u n d .  A l k a l i n i t y  (125 mg/R), 
pH ( 7 . 9 )  and c a l c i u m  (37 mg/R) a r e  r e l a t i v e l y  h i g h  y e a r -  
round.  T o t a l  phosphorus  (6 p g/R) n i t r a t e - n i t r o g e n  (80  g / ~ )  
and s i l i c a  ( 1 . 2  mg/R) a r e  low d u r i n g  summer. A f i v e f o l d  
i n c r e a s e  i n  t o t a l  phosphorus  and a  t w o f o l d  i n c r e a s e  i n  
s i l i c a  o c c u r s  d u r i n g  w i n t e r .  
Mud Lake Bog i s  a  most u n u s u a l  bog l a k e  i n  t h e  I n -  
l a n d  Water Route r e g i o n .  Welch (1936b) s t u d i e d  t h e  l a k e  
f o r  many y e a r s  and w r o t e ,  " t h e  l a k e  i s ,  t h e n ,  a  un ique  
s i t u a t i o n  i n  which t h e  open w a t e r  ( t h e  l a k e  i t s e l f )  main-  
t a i n s  a  h i g h  a l k a l i n i t y ,  a l t h o u g h  margined  c o m p l e t e l y  by 
a  bog mat s u p e r s a t u r a t e d  w i t h  w a t e r  which i s  a c i d  i n  r e -  
a c t i o n  . . .  From a l l  e x t e r n a l  s i g n s  an o b s e r v e r  would e x -  
p e c t  t h i s  bog l a k e  t o  have  t h e  same a c i d  c h a r a c t e r  a s  do 
t h e  innumerab le  o t h e r  n o r t h e r n  s o - c a l l e d  Sphagnum bog 
l a k e s " .  Welch (1936hl s u r m i s e d  t h a t  t h e  b a s i c  c h a r a c t e r  
o f  t h e  w a t e r  had i t s  o r i g i n  th rough  chemica l  r e a c t i o n s  i n  
t h e  l a k e  b a s i n  i t s e l f .  However, t h e r e  a r e  l i m e s t o n e  o u t -  
c r o p s  i n  t h e  d r a i n a g e  b a s i n  and underground seepage  o f  
h i g h  a l k a l i n e  w a t e r  i n t o  t h e  l a k e  t h a t  s h o u l d  n o t  be  d i s -  
c o u n t e d .  
S i n c e  Mud Lake Bog i s  o n l y  one m e t e r  d e e p ,  l i g h t  pen-  
e t r a t e s  t o  t h e  f a l s e  bot tom i n  s p i t e  o f  heavy a b s o r p t i o n  by 
brown humic m a t e r i a l s .  The S e c c h i  d i s c  i s  b a r e l y  v i s -  
i b l e  a t  t h e  mud-water i n t e r f a c e .  F i v e  p e r c e n t  o f  s u r -  
f a c e  i l l u m i n a t i o n  r e a c h e s  t h i s  zone.  D i s s o l v e d  oxygen 
remains  h i g h  t h r o u g h o u t  t h e  w a t e r  column d u r i n g  i c e - f r e e  
c o n d i t i o n s .  However, d i s s o l v e d  oxygen d r o p s  t o  n e a r  
z e r o  under  mid -win te r  i c e .  We have  r e c o r d e d  pH v a l u e s  
from 8 .0  t o  8 . 8 ,  w h i l e  Welch (19365) r e p o r t e d  t h a t  pH 
o c c a s i o n a l l y  r e a c h e d  9 . 4  i n  Mud Lake Bog d u r i n g  summer. 
A l k a l i n i t y  (100 t o  120 mg/t)  and c a l c i u m  c o n c e n t r a t i o n s  
(29 mg/!?,) a r e  s i m i l a r  t o  t h o s e  found i n  more t y p i c a l  
h a r d - w a t e r  l a k e s  i n  t h e  s t u d y  a r e a .  However, no  mar l  
e n c r u s t a t i o n s  a r e  v i s i b l e  i n  Mud Lake Bog. Phosphorus 
(19 pg/R t o t a l - p h o s p h o r u s )  and n i t r o g e n  (136 p.g/R n i -  
t r a t e - n i t r o g e n )  a r e  low d u r i n g  summer and remain  s o  
y e a r - r o u n d .  However, s i l i c a  ( 3 . 1  mg/R) c o n c e n t r a t i o n s  
a r e  r e l a t i v e l y  h i g h .  
Brown S o f t - w a t e r  Lakes 
T h i s  g r o u p i n g  o f  l a k e s  i n c l u d e s  t h r e e  a c i d  Sphagnum 
bogs i n  t h e  s t u d y  a r e a  and one f lowage  s u r r o u n d e d  by bog 
v e g e t a t i o n .  The bogs have t h e  appea rance  o f  c l a s s i c  b o r -  
e a l  bog l a k e s ,  f e a t u r i n g  t y p i c a l  z o n a t i o n  o f  v e g e t a t i o n  
s u r r o u n d i n g  t h e  open w a t e r ,  f a l s e  b o t t o m ,  and a c i d  pH. 
However, t h e y  do n o t  c o r r e s p o n d  t o  t h e  c l a s s i c a l  d e f i -  
n i t i o n  o f  d y s t r o p h y  s i n c e  t h e y  appea r  t o  be  h i g h l y  p r o -  
d u c t i v e .  They s u p p o r t  a  l a r g e  biomass o f  p h y t o p l a n k t o n  
and zoop lank ton  t h r o u g h o u t  t h e  growing s e a s o n .  A d d i t i o n -  
a l  r e s e a r c h  w i l l  be  r e q u i r e d  b e f o r e  we f u l l y  u n d e r s t a n d  
how t h e s e  bogs f u n c t i o n  w i t h  a p p a r e n t  h i g h  p r o d u c t i v i t y  
i n  a  s o f t - w a t e r  medium. 
1 1 2  
B r y a n t ' s  and L i v i n g s t o n  Bogs a r e  l i m n o l o g i c a l l y  
s i m i l a r  i n  many r e s p e c t s .  They a r e  b o t h  s m a l l  and s h a l -  
low w i t h  d e e p l y  s t a i n e d  brown w a t e r .  The Secch i  d i s c  i s  
b a r e l y  v i s i b l e  a t  t h e  mud-water i n t e r f a c e  (one me te r  d e e p ) .  
For  r e a s o n s  n o t  f u l l y  u n d e r s t o o d ,  d i s s o l v e d  oxygen con-  
c e n t r a t i o n s ,  even  a t  t h e  s u r f a c e  on a  warm summer's d a y ,  
a r e  n e v e r  n e a r  s a t u r a t i o n .  Values  g r e a t e r  t h a n  7 5  p e r c e n t  
a r e  r a r e l y  r e c o r d e d  a t  t h e  s u r f a c e  and d r o p  t o  50 p e r c e n t  
and lower  n e a r  bo t tom.  There  i s  a  s i g n i f i c a n t  d i u r n a l  
f l u x  i n  d i s s o l v e d  oxygen,  w i t h  v a l u e s  t h r o u g h o u t  t h e  w a t e r  
column d r o p p i n g  a s  much a s  5 0  p e r c e n t  a t  n i g h t  d u r i n g  sum- 
mer.  Under i c e  c o v e r ,  oxygen c o n c e n t r a t i o n s  d rop  n e a r  z e r o .  
The pH i n  b o t h  bogs i s  a p p r o x i m a t e l y  5 . 7 ,  and a l k a l i n i t y  i s  
e x t r e m e l y  low. There  i s  no d e t e c t a b l e  a l k a l i n i t y  i n  t h e  
s u r f a c e  w a t e r s  o f  t h e s e  b o g s ,  and bot tom v a l u e s  a r e  n e a r  
3 mg/R d u r i n g  summer. A l l  measured c a t i o n s  a r e  ex t r emely  
low. For example ,  c a l c i u m  i s  n e a r  1 . 5  mg/R and s i l i c a  i s  
a p p r o x i m a t e l y  0 . 1  mg/R i n  b o t h  bogs .  However, phosphorus  
and n i t r o g e n  a r e  r e l a t i v e l y  h i g h .  T o t a l  phopshorus  a v e r a g e s  
87 pg/R and 33  yg/R,  and n i t r a t e - n i t r o g e n  i s  158 pg/R and 
280 mg/R i n  b o t h  B r y a n t ' s  and L i v i n g s t o n  Bogs, r e s p e c t i v e l y .  
S l i g h t  i n c r e a s e s  i n  t h e s e  n u t r i e n t s  a r e  obse rved  d u r i n g  win-  
t e r .  Hoop Lake d i f f e r s  from B r y a n t ' s  and L i v i n g s t o n  Bogs 
i n  t h a t  i t  i s  d e e p e r  ( 9 . 5  m) and t h e r m a l l y  s t r a t i f i e d  d u r -  
i n g  summer. O t h e r w i s e ,  Hoop Lake e x h i b i t s  s i m i l a r  chemica l  
c h a r a c t e r i s t i c s  t o  t h e  s m a l l e r  bogs and a l s o  s u p p o r t s  a  
l a r g e  biomass o f  p l a n k t o n .  A phenomenal bloom o f  D i c t y o -  
sphaerium c o l o r e d  t h e  w a t e r  g r e e n  i n  Hoop Lake d u r i n g  sum- 
mer ,  1973.  The t h e r m o c l i n e  r a n g e s  from 2 t o  5 m 
d u r i n g  mid - summer. L i g h t  i s  e x t i n g u i s h e d  
r a p i d l y  i n  t h e  d a r k  s t a i n e d  w a t e r s  o f  Hoop Lake,  w i t h  
t h e  S e c c h i  d i s c  d i s a p p e a r i n g  a t  2 n. D i s s o l v e d  oxygen 
r a n g e s  from n e a r  7 5  p e r c e n t  s a t u r a t i o n  a t  t h e  s u r f a c e  
t o  z e r o  t h r o u g h o u t  most o f  t h e  hypol imnion .  A s i m i l a r  
p r o f i l e  of  d i s s o l v e d  oxygen w i t h  d e p t h  i s  obse rved  
d u r i n g  w i n t e r .  Summer v a l u e s  f o r  pH r a n g e  from 6 . 0  
a t  t h e  s u r f a c e  t o  4 . 7  n e a r  t h e  f a l s e  bot tom d u r i n g  sum- 
mer.  They d r o p  t o  n e a r  5 .0  t h r o u g h o u t  t h e  w a t e r  column 
i n  w i n t e r .  A l k a l i n i t y  r a n g e s  from z e r o  t o  1 . 8  mg/R 
d u r i n g  summer and from z e r o  t o  10 mg/R i n  w i n t e r .  A l l  
measured c a t i o n s  a r e  e x t r e m e l y  low. S i l i c a  i s  l e s s  t h a n  
0 . 5  mg/R i n  summer and l e s s  t h a n  0 . 9  mg/R i n  w i n t e r ,  
w h i l e  c a l c i u m  i s  n e a r  1 mg/k y e a r - r o u n d .  
Dog Lake i s  a  n a t u r a l  boggy w e t l a n d  a r e a  which was 
normal ly  k e p t  f l o o d e d  by b e a v e r  dams. The b e a v e r  dams 
have  been r e p l a c e d  by a  cement dam t o  s t a b i l i z e  t h e  wa- 
t e r  l e v e l .  The w a t e r s  o f  Dog Lake a r e  a s  d e e p l y  s t a i n e d  
w i t h  brown humic m a t e r i a l s  a s  t h e  a fo remen t ioned  b o g s ,  
and t h e  S e c c h i  d i s c  j u s t  d i s a p p e a r s  a t  t h e  bo t tom.  D i s -  
s o l v e d  oxygen i s  n e a r  s a t u r a t i o n  t h r o u g h o u t  t h e  w a t e r  
column d u r i n g  summer, b u t  d rops  under  35 p e r c e n t  s a t u r -  
a t i o n  i n  w i n t e r .  Values  f o r  pH a r e  n e a r  8 .0  i n  summer 
and d r o p  t o  6 . 6  i n  w i n t e r .  C a t i o n s  and a n i o n s  a r e  low 
d u r i n g  i c e - f r e e  c o n d i t i o n s  and change l i t t l e  ove r  win-  
t e r .  
U n s t a i n e d  S o f t - w a t e r  Lakes 
Water i n  t h e  f o l l o w i n g  seepage  l a k e s  i s  c h e m i c a l l y  
s o f t  and i s  n o t  n o t i c e a b l y  s t a i n e d  from humic and t a n n i c  
m a t e r i a l s .  
Cochran and Devereaux Lakes are physicochemically 
similar. Both lakes have clear water (X-XIV on the F- 
U Color Scale) with good light penetration. The Sec- 
chi disc is normally visible on bottom with 14 percent 
of surface illumination reaching the bottom sediments 
in Cochran Lake. The Secchi disc depth in Devereaux 
Lake is 3.5 m, with 9 percent of surface illumination 
reaching the bottom. Light penetration is sufficiently 
good and bottom sediments sufficiently firm that aquat- 
ic macrophytes grow throughout both of these lakes. 
Dissolved oxygen remains near saturation in the entire 
water column of Cochran Lake during ice-free conditions. 
However, some oxygen depletion (78 percent saturation) 
occurs near bottom in Devereaux Lake during summer. Oxy- 
gen depletion (approximately 50 percent saturation) oc- 
curs in both lakes under ice cover. Alkalinity is 65 mg/R 
in Cochran Lake and 45 mg/R in Devereaux Lake during sum- 
mer. Values for pH are 8.4 in Cochran Lake and 7.8 in 
Devereaux Lake in summer. Cations and anions are low in 
both lakes. Calcium is 21 mg/R in Cochran Lake and 16 mg/R 
in Devereaux Lake. Total phosphorus is generally under 
25 p.g/R and nitrate-nitrogen is near 50 pg/R in both lakes. 
Silica is under 0.3 mg/R. Concentrations of major nu- 
trients during winter are only slightly higher than those 
values observed in summer. 
Isolated Basin of Twin Lakes, although it is only 
a few hundred yards from the Twin Lakes chain, is lim- 
nologically distinct from the interconnected basins. 
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The w a t e r s  o f  I s o l a t e d  Bas in  a r e  t w i c e  a s  s o f t  a s  w a t e r s  
i n  t h e  Twin Lakes c h a i n .  L i g h t  p e n e t r a t e s  d e e p l y  i n t o  
t h e  c l e a r  w a t e r s  o f  I s o l a t e d  Bas in .  The S e c c h i  d i s c  d i s -  
a p p e a r s  a t  abou t  6  m ,  and 1 5  p e r c e n t  o f  s u r f a c e  i l l u m i n a -  
t i o n  o f t e n  r e a c h e s  t h e  bot tom d u r i n g  i c e - f r e e  c o n d i t i o n s .  
D i s s o l v e d  oxygen remains  h i g h  t h r o u g h o u t  t h e  w a t e r  c o l -  
umn, w i t h  o n l y  s l i g h t  d e p l e t i o n  (78 p e r c e n t  s a t u r a t i o n )  
o c c u r r i n g  n e a r  bot tom d u r i n g  i c e - f r e e  p e r i o d s .  Oxygen 
c o n c e n t r a t i o n s  under  i c e - c o v e r  r a n g e  from 60 p e r c e n t  
s a t u r a t i o n  n e a r  s u r f a c e  t o  1 7  p e r c e n t  n e a r  t h e  bo t tom.  
Values  f o r  pH a r e  n e a r  8 .0  d u r i n g  summer, and d r o p  t o  
7 . 2  i n  w i n t e r .  A l k a l i n i t y  a v e r a g e s  70 mg/R i n  summer 
and r i s e s  t o  86 mg/R i n  w i n t e r .  Calcium a v e r a g e s  2 1  mg/R 
y e a r - r o u n d .  S i l i c a  c o n c e n t r a t i o n s  ( 0 . 1  mg/R) a r e  v e r y  
low i n  summer. Some r e g e n e r a t i o n  o f  s i l i c a  i s  i n d i c a t e d  
d u r i n g  w i n t e r ,  a s  c o n c e n t r a t i o n s  r a n g e  from 0 . 2  mg/R 
a t  t h e  s u r f a c e  t o  0.6 mg/R a t  t h e  bo t tom.  T o t a l  phos -  
phorus  (11  t o  23 pg/Rj and n i t r a t e - n i t r o g e n  (25 ~g/9.,)  
a r e  e x t r e m e l y  low i n  summer and even lower  i n  w i n t e r .  
V i n c e n t  Lake today  b e a r s  l i t t l e  r e semblance  t o  t h e  
a c i d  bog l a k e  i n v e s t i g a t e d  by J e w e l 1  and Brown (1929) 
and Welch (19384 i n  t h e  e a r l y  1 9 2 0 ' s .  I t  h a s  r e t r o g r e s s e d  
t o  a  s l i g h t l y  b a s i c  s o f t - w a t e r  l a k e .  Brown s t a i n  from 
humic m a t e r i a l s  i s  gone from V i n c e n t  Lake t o d a y  (XIV t o  
XVI on t h e  F - U  C o l o r  S c a l e ) .  The S e c c h i  d i s c  d i s a p p e a r s  
a t  3  m and 9 p e r c e n t  o f  s u r f a c e  i l l u m i n a t i o n  r e a c h e s  t h e  
bot tom.  The s e d i m e n t s  a r e  s t i l l  s o f t  and f l o c c u l e n t ,  r e -  
t a i n i n g  t h e  f a l s e  bot tom c h a r a c t e r  o f  t h e  fo rmer  bog 
l a k e .  D i s s o l v e d  oxygen remains  n e a r  s a t u r a t i o n  t h r o u g h -  
o u t  t h e  w a t e r  column i n  i c e - f r e e  p e r i o d s ,  b u t  d e c r e a s e s  
under  i c e  c o v e r  from 90 p e r c e n t  s a t u r a t i o n  n e a r  s u r f a c e  
t o  38 p e r c e n t  n e a r  bot tom.  Values  f o r  pH a v e r a g e  7 . 7  
d u r i n g  summer and d r o p  t o  6 .0  i n  w i n t e r .  A l k a l i n i t y  
( 6  mg/R ) and c a l c i u m  ( 3  mg/R) a r e  e x t r e m e l y  low i n  
summer. Calcium remains  e s s e n t i a l l y  t h e  same d u r i n g  
w i n t e r ,  w h i l e  a l k a l i n i t y  r i s e s  from 9  mg/R n e a r  s u r f a c e  
t o  2 2  mg/R n e a r  bot tom.  T o t a l  phosphorus  (22 ug/R) ,  
n i t r a t e - n i t r o g e n  (49 pg /R) ,  and s i l i c a  ( 0 . 1  mg/R) a r e  
a l l  low d u r i n g  i c e - f r e e  c o n d i t i o n s  and do n o t  r i s e  a p -  
p r e c i a b l y  d u r i n g  w i n t e r .  
Weber Lake was s t u d i e d  by Hooper (1954) who was 
i n t e r e s t e d  i n  t h e  u n u s u a l  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  
o f  t h i s  l a k e .  I t  h a s  t h e  appea rance  of many o t h e r  
h a r d - w a t e r  l a k e s  i n  t h e  s t u d y  a r e a ,  b u t  i t s  w a t e r s  
a r e  e x t r e m e l y  s o f t .  Hooper (1954) su rmised  t h a t  t h e  
l a k e  b a s i n ' s  ground w a t e r  i n f l u e n c e  i s  s e a l e d  from t h e  
s u r r o u n d i n g  a r e a  e x c e p t  f o r  seepage  from an a d j a c e n t  
bog.  Co lo r  of  t h e  w a t e r  i n  Weber Lake i s  b l u i s h - g r e e n  
(X t o  XVI on t h e  F-U Color  S c a l e ) .  The S e c c h i  d i s c  i s  
v i s i b l e  a t  4 m d u r i n g  i c e - f r e e  c o n d i t i o n s ,  and 7 p e r -  
c e n t  o f  s u r f a c e  i l l u m i n a t i o n  r e a c h e s  t h e  bo t tom.  Dis- 
s o l v e d  oxygen remains  h i g h  (above 80 p e r c e n t  s a t u r a t i o n )  
d u r i n g  summer and does  l i k e w i s e  i n  w i n t e r ,  e x c e p t  n e a r  
bot tom where d e p l e t i o n  o c c u r s  ( 4  p e r c e n t  s a t u r a t i o n ) .  
Va lues  f o r  pH r a n g e  from 8 . 3  n e a r  s u r f a c e  t o  7 .9  n e a r  
bot tom i n  summer. They d r o p  about  1 . 0  t h r o u g h o u t  t h e  
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water column in winter. Alkalinity is extremely low 
in summer (13 mg/R) and increases only slightly (21 mg/R) 
in winter. Calcium is low (3.8 mg/R) during summer but 
increases (over 5.0 mg/R) in winter. Total phosphorus 
(20 pg/R) and nitrate-nitrogen (10 pg/R) are low in sum- 
mer and generally remain so in winter. Silica concen- 
trations are extremely low (0.06 mg/R) in summer and 
range from near zero at the surface to 0.3 mg/R during 
winter. 
LAKE RANKING BASED U P O N  SENSITIVITY TO IIUMAN IMPACT 
The a v e r a g e  l i m n o l o g i s t ,  a f t e r  a  b r i e f  v i s i t  t o  a  l a k e  
and a n a l y s i s  of s e v e r a l  w a t e r  q u a l i t y  p a r a m e t e r s ,  can u s u a l l y  
v e n t u r e  a  vague o p i n i o n  abou t  t h e  s e n s i t i v i t y  of t h e  w a t e r  body 
t o  human i m p a c t .  The re  i s  no q u e s t i o n  t h a t  c e r t a i n  l a k e s  
have  g r e a t e r  c a p a c i t y  t o  w i t h s t a n d  human development  t h a n  
o t h e r s .  I t  i s  c r i t i c a l l y  i m p o r t a n t ,  however ,  t h a t  t h i s  i n f o r -  
m a t i o n  be q u a n t i f i e d  and b u i l t  i n t o  t h e  r e s o u r c e  management 
of  i n l a n d  l a k e  w a t e r s h e d s .  Not a l l  l a k e s  s h o u l d  be t r e a t e d  
t h e  same i n  zon ing  o r d i n a n c e s  and l a n d - u s e  p l a n s  a s  t h e y  a r e  
t o d a y .  Lakes t h a t  a r e  more s e n s i t i v e  t o  human impact  s h o u l d  
b e  zoned more s t r i n g e n t l y  t h a n  l a k e s  t h a t  have t h e  c a p a c i t y  
t o  w i t h s t a n d  more human development .  There  i s  an u r g e n t  need 
f o r  a  p r o b l e m - o r i e n t e d  l a k e  c l a s s i f i c a t i o n  o r  r a n k i n g  sys t em 
t h a t  w i l l  i n d i c a t e  t h e  r e l a t i v e  s e n s i t i v i t y  of  a  l a k e  t o  de -  
g r a d a t i o n  by human impac t .  
Lakes have  d e f i e d  c l a s s i f i c a t i o n  f o r  c e n t u r i e s .  Each 
l a k e  h a s  i t s  own un ique  a t t r i b u t e s .  C o n s e q u e n t l y ,  s i m p l e  
c l a s s i f i c a t i o n  sys t ems  t h a t  d i s r e g a r d  t h e i r  i n h e r e n t  com- 
p l e x i t i e s  have  n o t  b e e n  u s e f u l  t o  n a t u r a l  r e s o u r c e  management. 
On t h e  o t h e r  h a n d ,  c o m p l i c a t e d ,  l e n g t h y  c l a s s i f i c a t i o n  schemes 
become u n w i e l d y ,  g a i n  l i t t l e  g e n e r a l  a c c e p t a n c e ,  and a r e  soon 
f o r g o t t e n .  T h e r e f o r e ,  r a n k i n g  a  s e r i e s  of l a k e s  w i t h  
r e f e r e n c e  t o  t h e i r  s e n s i t i v i t y  t o  change by human i n f l u e n c e s  
a p p e a r s  t o  o f f e r  more u t i l i t y  t o  n a t u r a l  r e s o u r c e  management 
t h a n  l a k e  c l a s s i f i c a t i o n .  
I t  h a s  been  t h e  second  o b j e c t i v e  of ou r  p r o j e c t  t o  d e s i g n  
such  a l a k e  r a n k i n g  sys t em b a s e d  upon s e n s i t i v i t y  of l a k e s  t o  
a d v e r s e  change by human i m p a c t .  Such a  r a n k i n g  sys t em wou?<l b e  
o f  i n t e r e s t  i n  t h e  compar ison  o f  l a k e s .  I t  would a l s o  b e  
u s e f u l  i n  communicating w a t e r  q u a l i t y  i n f o r m a t i o n  t o  n a t u r a l  
r e s o u r c e  managers and t h e  g e n e r a l  p u b l i c .  O f f i c i a l s  r e s p o n -  
s i b l e  f o r  n a t u r a l  r e s o u r c e  management a t  b o t h  coun ty  and s t a t e  
l e v e l s  of  government have a l r e a d y  e x p r e s s e d  e n t h u s i a s t i c  i n -  
t e r e s t  i n  t h e  l a k e  s e n s i t i v i t y  r a n k i n g  c o n c e p t .  I n  o r d e r  t o  
d e v i s e  such  a  l a k e  r a n k i n g  scheme,  o u r  r e s e a r c h  e f f o r t s  have  
been  moving fo rward  on s e v e r a l  p a r a l l e l  f r o n t s , i n c l u d i n g :  
1 )  a n a l y s e s  o f  p a s t  l i m n o l o g i c a l  d a t a  2 )  a n a l y s e s  o f  p a l e o -  
l i m n o l o g i c a l  i n d i c a t o r s  o f  change 3) r a n k i n g  o f  l a k e s  b a s e d  
upon p r e s e n t  w a t e r  q u a l i t y  4 )  and d e t e c t i o n  o f  e a r l y  i n d i c a -  
t o r s  o f  l a k e  change i n  t h e  s t r u c t u r e  and c o m p o s i t i o n  o f  b i o -  
l o g i c a l  communi t ies .  
H i s t o r i c a l  P e r s p e c t i v e s  
Our knowledge o f  t h e  e u t r o p h i c a t i o n  p r o c e s s  i n  i n l a n d  l a k e s  
h a s  been  g r e a t l y  enhanced by a n a l y z i n g  long  s e r i e s  o f  l i m n o l o g -  
i c a l  d a t a  f o r  a  p a r t i c u l a r  l a k e .  Our u n d e r s t a n d i n g  o f  r e c e n t  
wa te r  q u a l i t y  changes i n  Lake E r i e  and Washington i n  t h e  U n i t e d  
S t a t e s ,  and s e v e r a l  i m p o r t a n t  l a k e s  i n  Europe,  i s  l a r g e l y  due 
t o  t h e  f a c t  t h a t  l i m n o l o g i c a l  d a t a  had  been  c o l l e c t e d  o v e r  a  
t ime  p e r i o d  o f  many decades  on t h o s e  w a t e r  b o d i e s .  C o n s e q u e n t l y ,  
one  o f  o u r  f i r s t  t a s k s  on t h i s  p r o j e c t  was t o  l o c a t e ,  compi l e  
and a n a l y z e  a l l  o l d  l i m n o l o g i c a l  d a t a  a v a i l a b l e  f o r  l a k e s  i n  
t h e  s t u d y  a r e a .  
I t  was r e a d i l y  a p p a r e n t  from t h e  o n s e t  o f  t h i s  r e s e a r c h  
program t h a t t k r e  i s  an  a p p a l l i n g  l a c k  o f  d a t a  u s e f u l  i n  t h e  
i n t e r p r e t a t i o n  o f  changes  i n  l a k e s  o f  n o r t h e r n  lower  Michigan .  
Most d a t a  was c o l l e c t e d  by P a u l  Welch and h i s  s t u d e n t s  a t  t h e  
U n i v e r s i t y  o f  Michigan  B i o l o g i c a l  S t a t i o n .  However, t h e i r  
e f f o r t s  were m o s t l y  c o n c e n t r a t i n g  on Douglas Lake and a  few 
o t h e r  l a k e s  i n  t h e  v i c i n i t y  o f  t h e  B i o l o g i c a l  S t a t i o n .  O the r  
d a t a  was o b t a i n e d  from t h e  f i l e s  o f  t h e  F i s h  D i v i s i o n  o f  t h e  
Michigan  Depar tment  of N a t u r a l  Resources .  These d a t a ,  c o n s i s -  
t i n g  u s u a l l y  o f  a  few t e m p e r a t u r e s ,  d i s s o l v e d  oxygen,  pH, and 
a l k a l i n i t y  measurements ,  were t a k e n  i r r e g u l a r l y  and i n c i d e n t l y  
d u r i n g  l a k e  i n v e n t o r i e s  and f i s h  s u r v e y s .  Bes ides  t h e  f a c t  
t h a t  t h e s e  d a t a  were o b t a i n e d  s o  i r r e g u l a r l y ,  l a c k  o f  un i fo rm-  
i t y  i n  p e r s o n n e l  and methodology r e n d e r  t h e s e  d a t a  o f  dub ious  
v a l u e .  More r e c e n t  d a t a  h a s  been  c o l l e c t e d  on a  r o u t i n e  b a -  
s i s  on a  few l a k e s  i n  t h e  s t u d y  a r e a  by t h e  Michigan Water 
Resources  Commission. Although t h e s e  d a t a  a r e  more a c c u r a t e  
and c o m p l e t e ,  t h i s  a g e n c y ' s  m o n i t o r i n g  program has  been  i n  op- 
e r a t i o n  o n l y  a  few y e a r s .  T h e r e f o r e ,  t h e s e  d a t a  a r e  n o t  u s e f u l  
a t  t h i s  t i m e  f o r  h i s t o r i c a l  p e r s p e c t i v e s .  Many l a k e s  i n  t h e  
s t u d y  a r e a  had n e v e r  been  i n v e s t i g a t e d  l i m n o l o g i c a l l y  b e f o r e  
t h e  i n i t i a t i o n  o f  t h e  RANN program a t  t h e  B i o l o g i c a l  S t a t i o n .  
The most d e t a i l e d  and l e n g t h y  s e r i e s  o f  l i m n o l o g i c a l  d a t a  
a r e  a v a i l a b l e  f o r  Douglas Lake. Records of  Welch, E g g l e t o n ,  
and o t h e r s  d a t e  back  t o  1911.  The b u l k  o f  t h e s e  d a t a  have  
n e v e r  been  a n a l y z e d  t o  d e t e c t  l o n g  te rm t r e n d s  i n  changes  i n  
w a t e r  q u a l i t y .  Ana lyses  o f  t h e s e  d a t a  a r e  c u r r e n t l y  b e i n g  con-  
d u c t e d  by RANN program s t a f f .  The o n l y  d a t a  i n  t h i s  s e r i e s  
p r e v i o u s l y  s c r u t i n i z e d  was summer h y p o l i m n e t i c  oxygen d e f i c i t s .  
B a z i n  and Saunder s  (1971) d e t e c t e d  a  s low b u t  p r o l o n g e d  change 
i n  t h e  e u t r o p h i c a t i o n  o f  Douglas Lake (figure 6 ) .  They s u r -  
YEAR 
FIGURE 6 ANNUAL HYPOLIMNETIC OXYGEN DEFICIT IN DOUGLAS L A K E ,  
THE STRAIGHT L I N E  REPRESENTS THE L I N E  OF B E S T  F I T  
BY  L I N E A R  REGRESSION, THE SMOOTH CURVE REPRESENTS 
AN EX 0 E N T I A L L Y  SMOOTHED ONE-YEAR FORECAST W I T H  
- A=O,O! ?from Bazin and Saunders 1 9 7 1 ) .  
mised  t h a t  ( t h e )  " . . . r a t e  o f  i n c r e a s e  i n  h y p o l i m n e t i c  oxygen 
d e p l e t i o n  i s  t o o  r a p i d  t o  r e f l e c t  n a t u r a l  e u t r o p h i c a t i o n  o f  
Douglas  Lake. T h e r e f o r e ,  i f  e u t r o p h i c a t i o n  h a s  o c c u r r e d ,  i t  
must be  t h e  r e s u l t  o f  human e f f e c t s " .  They concluded t h a t  t h e  
m a s s i v e  d e f o r e s t a t i o n  which o c c u r r e d  i n  t h e  a r e a  from 1879 
t h r o u g h  1920 a c c e l e r a t e d  n u t r i e n t  i n p u t s  i n t o  t h e  l a k e  from 
i t s  w a t e r s h e d .  The c o n t i n u e d  t r e n d  o f  i n c r e a s i n g  h y p o l i m n e t i c  
oxygen d e f i c i t s  i n  more r e c e n t  y e a r s  i s  more d i f f i c u l t  t o  e x -  
p l a i n  (Bazin  and Saunder s  1 9 7 1 ) .  I t  i s  t h e  p u r p o s e  o f  one 
p h a s e  o f  t h e  RANN program t o  u s e  d ia toms  i n  Douglas Lake s e d -  
imen t s  a s  p a l e o l i m n o l o g i c a l  i n d i c a t o r s  i n  o r d e r  t o  b e t t e r  un-  
d e r s t a n d  r e c e n t  changes  i n  l a k e  h i s t o r y  ( s e e  n e x t  s e c t i o n ) .  
V i n c e n t  Lake i s  a n o t h e r  w a t e r  body s t u d i e d  e x t e n s i v e l y  
by p e r s o n n e l  a t  t h e  U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n .  
Welch ( 1 9 3 8 ~ ~ 1  c a l l e d  V i n c e n t  Lake a  r e t r o g r a d i n g  bog.  Dur ing  
t h e  e a r l y  1 9 2 0 t s ,  t h i s  l a k e  was a  t y p i c a l  n o r t h e r n  bog l a k e  
w i t h  brown s t a i n e d ,  a c i d i c  (pH o f  abou t  4 . 3 )  w a t e r  s u r r o u n d e d  
by a  mat of  sphagnum and o t h e r  bog p l a n t s .  The pH o f  V i n c e n t  
Lake s u d d e n l y  i n c r e a s e d  t o  abou t  6 i n  1925 ,  presumably  due t o  
t h e  e f f e c t s  o f  d e f o r e s t a t i o n  and a  lower ing  o f  t h e  ground wa- 
t e r  t a b l e .  The i n c r e a s e  i n  t h e  a l k a l i n e  n a t u r e  o f  t h e  l a k e  
h a s  c o n t i n u e d .  Va lues  f o r  pH o f  n e a r  n e u t r a l i t y  were r e a c h e d  
i n  1945 and have  c o n t i n u e d  t o  t h e  p r e s e n t .  T y p i c a l  bog veg-  
e t a t i o n  h a s  d i s a p p e a r e d  from t h e  p e r i p h e r y  o f  t h e  l a k e .  
S l i g h t  b u t  p o s s i b l y  s i g n i f i c a n t  i n c r e a s e s  i n  pH, a l k a -  
l i n i t y ,  and c o n d u c t i v i t y  have been  n o t e d  i n  some l a k e s  i n  t h e  
s t u d y  a r e a .  These t r e n d s  may i n d i c a t e  an i n c r e a s e  i n  p roduc-  
t i v i t y  o f  t h e s e  w a t e r  b o d i e s .  S p e c i f i c  conduc tance  i n  Munro 
Lake has  r i s e n  from 175 pmhos/cm i n  1945 t o  o v e r  2 0 0  umhos/cm 
i n  1974.  A l k a l i n i t y  has  i n c r e a s e d  i n  Cochran Lake from 55 mg/R 
i n  1945 t o  68 mg/R i n  1974.  L i k e w i s e ,  pH h a s  r i s e n  from 8 . 0  
t o  8 . 7  i n  t h e  same t ime  p e r i o d .  A l k a l i n i t y  and pH have  r i s e n  
s i m i l a r l y  i n  Weber Lake d u r i n g  t h e  p a s t  t h r e e  d e c a d e s .  Such 
t r e n d s  on t h e s e  l a k e s  and o t h e r s  a r e  c u r r e n t l y  b e i n g  a n a l y z e d  
more r i o g o r o u s l y  by RANN program s t a f f  a t  t h e  B i o l o g i c a l  S t a t i o n .  
P a l e o l i m n o l o g i c a l  I n d i c a t o r s  - of Change 
The t e c h n i q u e  of  l a k e  c o r i n g  i s  an e s t a b l i s h e d  one which 
has  been  used  t o  r e c o n s t r u c t  t h e  h i s t o r y  of  b o d i e s  o f  w a t e r .  
Only i n  t h e  p a s t  few y e a r s  h a s  t h i s  p a l e o l i m n o l o g i c a l  t e c h n i q u e  
been  used  t o  i n t e r p r e t  t h e  r e c e n t  h i s t o r y  of  l a k e s .  Our u s e  o f  
l a k e  c o r i n g  i s  t o  e s t a b l i s h  t h e  d ia tom component o f  t h e  a l g a l  
assemblages  of t h e  r e c e n t  p a s t ,  a p p r o x i m a t e l y  150 y e a r s .  Our 
i n i t i a l  i n v e s t i g a t i o n  i s  focused  on Douglas Lake. Core samples  
o b t a i n e d  from South  F i s h t a i l  Bay o f  t h e  l a k e  cove r  a  t ime  i n t e r v a l  
s t a r t i n g  w i t h  t h e  p r e s e n t  and end ing  w i t h  a  s h o r t  p e r i o d  p r i o r  
t o  Caucas ian  man 's  s e t t l e m e n t  i n  t h e  a r e a .  T h i s  w i l l  a l l o w  us  
t o  e s t a b l i s h  t h e  s t a t u s  of  t h e  l a k e  p r i o r  t o  man's d i s t u r b a n c e  
o f  t h e  f o r e s t  and i t s  s u b s e q u e n t  r e s p o n s e ,  i n c l u d i n g  r e s p o n s e  
t o  e v e n t s  such  a s  development .  
Two c o r e s  have been  s e l e c t e d  from f i v e  t a k e n  f o r  s u b -  
samples  f o r  p o l l e n  and d ia tom a n a l y s i s .  A s e r i e s  of p o l l e n  
p r e p a r a t i o n s  a r e  b e i n g  examined f o r  c o r r e l a t i o n  of t h e  d e p t h  
( =  t ime)  i n t e r v a l s  w i t h  known t e r r e s t r i a l  e v e n t s .  Approximate ly  
1500 d i a t o m  p r e p a r a t i o n s  have  been  made and a r e  b e i n g  examined 
f o r  1 )  f l o r i s t i c  compos i t ion  and 2 )  p o p u l a t i o n  a s semblage .  
The f l o r a l  l i s t  f o r  Douglas Lake exceeds  300  d ia tom t a x a  a t  
p r e s e n t  and a p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  p o p u l a t i o n  a n a l y s i s  
h a s  been  comple ted .  
With a  p h y s i c a l  one - four th  o f  t h e  c o r e  hay ing  been ex-  
amined,  we have  found t h a t  28 t a x a  comprise  anywhere from 89 
t o  96 p e r c e n t  o f  t h e  assemblages  ( T a b l e  6 ) .  The assemblage  
a t  t h e  s u r f a c e  i s  dominated  by e i g h t  t a x a  ( 1 . 0 % ) ,  two o f  which 
a r e  ma jo r  c o n t r i b u t o r s  (10 .0%)  and s i x  o f  which a r e  minor con-  
t r i b u t o r s  ( 1 0 . 0 % )  ( f i g u r e  7 ) .  The two major  dominants  a r e  
M e l o s i r a  granz4lata  gamma s t a t u s  (#21)  and F r a g i l a r i a  c r o t o -  
n e n s i s  ( # 1 6 ) ,  which make up 52.9 t o  69.8 p e r c e n t  o f  t h e  assem- 
b l a g e .  The s i x  minor  dominants  make up 26.2 t o  36 .1  p e r c e n t  
o f  t h e  assemblage  and a r e  CycZoteZZa m i c h i g a n i a n a  ( # 9 ) ,  C .  - 
s t e l l i g e r a  ( # 1 1 ) ,  A s t e r i o n e Z Z a  formosa  ( # 5 ) ,  TabeZZar ia  fen- 
e s t r a t a  ( # 2 8 ) ,  S y n e d r a  u l n a  v a r .  chaseana  ( # 2 7 ) ,  and Melo- 
s i r a  g r a n u Z a t a  a l p h a  s t a t u s  ( # 2 0 ) .  
Two o f  t h e  minor dominants  a r e  no tewor thy :  C. s t e Z Z i -  - 
g e r a  and M. - g r ' a n u ~ a t a  a l p h a  s t a t u s .  These two t a x a  a r e  forms 
f r e q u e n t l y  a s s o c i a t e d  w i t h  e u t r o p h i c  w a t e r s  (Cholnoky 1968 
and H u b e r - P e s t a l o z z i  1 9 4 2 ) .  Both t a x a  a r e  abundant  a t  t h e  
s u r f a c e  o f  t h e  Douglas Lake c o r e  and d e c r e a s e  i n  f r equency  
a s  o l d e r  l e v e l s  a r e  examined ( f i g u r e  7 ) .  M e l o s i r a  g ranuZa ta  
a l p h a  s t a t u s  h a s  d i s a p p e a r e d  from t h e  coun t  and r e t u r n e d  o n l y  
i n  s m a l l  amounts ( 0 . 0 3 % ) .  The o t h e r  minor dominants  (and ma- 
j o r  dominan t s )  a r e ,  f o r  t h e  most p a r t ,  e u r y t o p i c  t a x a  w i t h  
e x c e p t i o n s  b e i n g  C. m i c h i g a n i a n a  and S .  - - u l n a  v a r .  c h a s e a n a .  
TABLE 6 S P E C I E S  C O M P O S I T I O N  OF PREDOMINANT  D I A T O M S  I N  T H E  
UPPER O N E - T H I R D  OF  A S E D I M E N T  CORE FROM SOUTH F I S H T A I L  
BAY,  DOUGLAS L A K E  
TAXON 
Achnan thes  b i a s o z e t t i a n a  
A .  Z i n e a r i s  
A .  m i n u t i s s i m a  
Amphora perpus iZZa  
A s t e r i o n e  ZZa formosa 
CycZoteZZa comta 
C .  gZomerata 
C .  k u t z i n g i a n a  
C .  m i c h i g a n i a n a  
C .  o p e r c u Z a t a  
C .  s t e l l i g e r a  
CymbeZZa microcephaZa 
Frag i  Z a r i a  b r e v i s t r i a t a  
F .  c o n s t r u e n s  
F .  c o n s t r u e n s  v a r .  m i n u t a  
F .  c r o t o n e n s i s  
F .  p i n n a t a  
Gomphonema i n t r i c a t u m  v a r .  pumiZa 
M a s t i g z o i a  s m i t h i i  v a r .  Z a c u s t r i s  
MeZos i ra  g r a n u z a t a  a - s t a t u s  
M .  g ranuZa ta  y - s  t a t u s  
NavicuZa r a d i o s a  v a r .  t eneZZa  
S t e p h a n o d i s c u s  m i n u t u s  
S .  n i a g a r a e  
S y n e d r a  de Z i c a t i s s i m a  
S .  f i l i f o r m i a  v a r .  e x i Z i s  
S .  u l n a  v a r .  chaseana  
TabeZZar ia  f e n e s t r a t a  
Accord ing  t o  S toe rmer  and Yang (1970) S. u l n a  v a r .  chaseana  - -
i s  dominant  i n  t h e  o f f s h o r e  o l i g o t r o p h i c  w a t e r s  o f  Lake Mich i -  
gan .  T h i s  s p e c i e s  i s  n o t  n u m e r i c a l l y  abundant  i n  t h e  n u t r i e n t -  
r i c h  w a t e r s  o f  Green Bay o f  Lake Michigan ,  and i t s  d i s t r i b u -  
t i o n  o u t s i d e  of  t h e  Grea t  Lakes a r e a  i s  l i t t l e  known. Ac- 
c o r d i n g  t o  a v a i l a b l e  d a t a  from Douglas Lake,  i t s  occurence  i s  
s t a b l e  t h r o u g h o u t  t h e  l e v e l s  examined. CycZoteZZa m i c h i g a n i a n a  
i s  r e c o r d e d  a s  b e i n g  dominant  i n  t h e  o f f s h o r e  w a t e r s  o f  Lake 
Michigan and o f t e n  becomes abundant  i n  a r e a s  r e c e i v i n g  some d e -  
g r e e  o f  n u t r i e n t  en r i chmen t  (S toermer  and Yang 1 9 7 0 ) .  CycZo- 
teZZa m i c h i g a n i a n a  i s  t h e  dominant  CycZoteZZa s p e c i e s  i n  Doug- 
l a s  Lake a t  t h e  p r e s e n t  t ime  and h a s  been  th roughou t  t h e  t ime 
i n t e r v a l  examined s o  f a r  ( f i g u r e  7 ) . 
On t h e  b a s i s  o f  t h i s  d a t a  one may conc lude  t h a t  Douglas 
Lake h a s  o n l y  r e c e n t l y  ( a p p r o x i m a t e l y  40 y e a r s )  s t a r t e d  t o  
show a  s i g n i f i c a n t  i n c r e a s e  i n  p o l l u t i o n - t o l e r a n t  forms.  A l s o ,  
f rom t h e  l i m i t e d  d a t a  a v a i l a b l e ,  we s u r m i s e  t h a t  t h e  l a k e  i s  
undergo ing  a  t r o p h i c  change a t  t h e  p r e s e n t  t i m e .  We hypo th -  
e s i z e  t h a t  a l t h o u g h  removal  o f  t h e  p i n e  f o r e s t  may have had 
some i n f l u e n c e  on t h e  l a k e  t r o p h i c  l e v e l ,  t h e  r e s p o n s e  o f  t h e  
a l g a l  f l o r a  " p o i n t s  a  f i n g e r "  a t  man's r e c r e a t i o n a l  development  
o f  t h e  l a k e .  
When c o m p l e t e ,  t h e  p o p u l a t i o n  a n a l y s i s  w i l l  e s t a b l i s h  
what  t h e  l a k e  was l i k e  p r i o r  t o  Caucas ian  man 's  " c i v i l i z e d "  
a c t i v i t i e s .  I t  w i l l  a l s o  show what e f f e c t ,  i f  any ,  t h e  c u t t i n g  
o f  t h e  f o r e s t  and t h e  a l t e r a t i o n  o f  t h e  d r a i n a g e  sys t ems  had  
on t h e  l a k e .  F i n a l l y ,  i t  w i l l  show how t h e  l a k e  responded f o l -  

lowing the disturbance and the subsequent commercial de- 
velopment. The information generated can be utilized by nat- 
ural resource management agencies in establishing guidelines 
for lake development on the basis of the history of the lake's 
response to the past events along its shore and drainage area. 
Lake Ranking 
In order to specify the water quality state of a lake, 
it is necessary to describe the lake in terms of a large 
number of limnological parameters. Inasmuch as ranking is a 
linear ordination, the dimensionality of the information con- 
tained in a set of parameters must be reduced to a linear 
approximation to allow ranking of lakes by water quality. 
Such a reduction involves understanding the correlative 
structure of the parameters, either on a determinate or 
statistical level. In our initial efforts to quantitatively 
rank lakes by their water quality characteristics, we have 
collated a portion of our data base and employed it in a 
multivariate statistical analysis modeled after Shannon and 
Brezonik (1972). 
The analytical techniques require each lake to be described 
with a singular value for each parameter. Such singular values 
were derived, but with an undetermined loss of information. 
For example, a singular depth-corrected value derived from a 
vertical profile of measurements for dissolved oxygen may be 
less ecologically meaningful than a simple binary statement 
of whether or not hypolimnetic oxygen depletion exists. 
L i g h t  p e n e t r a t i o n  d a t a  a s  i t  v a r i e s  w i t h  d e p t h  c a n  b e  
e x p l a i n e d  by a  monotonic  f u n c t i o n  w i t h  c o n s t a n t  s l o p e ,  k .  I n  
g e n e r a l ,  however ,  d e p t h  c a n n o t  be  i n c l u d e d  i n  t h e  i n f o r m a t i o n  
c o n t e n t  o f  a  s i n g u l a r  v a l u e  because  t h e  v e r t i c a l  d i s t r i b u t i o n  
o f  few l i m n o l o g i c a l  p a r a m e t e r s  can  be  d e s c r i b e d  by a  monotonic  
f u n c t i o n .  However, f o r  p u r p o s e s  o f  t h i s  a n a l y s i s ,  q u a n t i t a t i v e  
s i n g u l a r  d e p t h - c o r r e c t e d  v a l u e s  f o r  t h e  p a r a m e t e r s  appea r  t o  
c a r r y  s u f f i c i e n t  i n f o r m a t i o n .  
I t  was n o t  p o s s i b l e  t o  i n c l u d e  t h e  comple te  s e t  of  p a r a -  
m e t e r s  b e i n g  measured f o r  each  l a k e .  Only t h o s e  p a r a m e t e r s  
f o r  which d a t a  had been  i n c o r p o r a t e d  i n  t h e  computer s t o r a g e  
and r e t r i e v a l  sys t em c o u l d  be  implemented a t  t h i s  t i m e .  F u r t h e r -  
more,  o n l y  one y e a r  o f  s e a s o n a l  and y e a r l y  a v e r a g e  v a l u e s  
c o u l d  be  i n c l u d e d .  P r i o r  t o  t h e  e x p i r a t i o n  o f  t h e  c u r r e n t  
g r a n t  p e r i o d ,  a l l  t h e  d a t a  g a t h e r e d  d u r i n g  two y e a r s  o f  com- 
p l e t e  s e a s o n a l  sampl ing  w i l l  b e  a v a i l a b l e  f o r  a n a l y s i s .  The 
p r e l i m i n a r y  n a t u r e  o f  t h e  r e s u l t s  must b e  n o t e d  i n  a s s e s s i n g  
t h e  p r o g r e s s  o f  t h e  a n a l y t i c a l  e f f o r t s  t o  d a t e .  
No a p r i o r i  assumpt ion  can  be  made r e g a r d i n g  which 
s e a s o n a l  d a t a  s e t  w i l l  c o n t a i n  t h e  most u s e f u l  i n f o r m a t i o n  f o r  
l a k e  r a n k i n g  p u r p o s e s .  S e a s o n a l  i d i o s y n c r a s i e s ,  such  a s  a l g a l  
blooms o r  i c e  m e l t  d i l u t i o n , r e d u c e  t h e  a l r e a d y  low p r o b a b i l i t y  
t h a t  one measurement o f  a  p a r a m e t e r  w i l l  be a  r e p r e s e n t a t i v e  
v a l u e .  Hence t h e  d a t a  s e t  c o n t a i n i n g  y e a r l y  ave raged  v a l u e s  
f o r  t h e  p a r a m e t e r s  i s  r e g a r d e d  t o  be t h e  most r e p r e s e n t a t i v e  
q u a a t i v e  d e s c r i p t i o n  of  p r e s e n t  w a t e r  q u a l i t y .  P e r f o r m i n g  
t h e  a n a l y s e s  on each  o f  t h e  s e a s o n a l  d a t a  s e t s  was deemed 
n e c e s s a r y  f o r  t h e  p u r p o s e  o f  e l u c i d a t i n g  c o r r e l a t i v e  s t r u c t u r e  
among t h o s e  l a k e s  and p a r a m e t e r s  which were n o t  sampled con-  
s i s t e n t l y  from s e a s o n  t o  s e a s o n .  These d a t a  a l s o  p e r m i t  u s  t o  
i n v e s t i g a t e  s e a s o n a l l y  t i m e - v a r y i n g  r e l a t i o n s h i p s  among t h e  
p a r a m e t e r s ,  and t o  e x p l o r e  r e l a t i v e  s e a s o n a l  i n f o r m a t i o n  c o n t e n t .  
Each o f  t h e  a n a l y t i c a l  programs d i s c u s s e d  h e r e  computes 
and u s e s  t h e  c o r r e l a t i o n  m a t r i x  a s  a  b a s e  f o r  i t s  p a r t i c u l a r  
c o m p u t a t i o n a l  p r o c e d u r e .  I n  a d d i t i o n  t o  t h e i r  t r a n s p a r e n t  
r o l e  i n  t h e  f o r m a l  h y p o t h e s i s  g e n e r a t i n g  r o u t i n e s ,  c o r r e l a t i o n  
c o e f f i c i e n t s  can  a l s o  b e  v a l u a b l e  i n  d i r e c t i n g  t h e  w a t e r  q u a l i t y  
i n v e s t i g a t o r  t o  s p e c i f i c  p rob lems .  For  example ,  a c i d  bog w a t e r s  
a r e  g e n e r a l l y  known t o  b e  low i n  p r o d u c t i v i t y .  Using such  an 
a s s u m p t i o n ,  one might  e x p e c t  p o s i t i v e  c o r r e l a t i o n  between 
c h l o r o p h y l l  - a and pH i n  such  l a k e s .  However, we o b t a i n e d  a  
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t h e s e  two p a r a m e t e r s  
i n  b r o w n - s t a i n e d  bog w a t e r s .  E i t h e r  t h e  bog l a k e s  i n  t h e  s t u d y  
a r e a  a r e  s u p p o r t i n g  a  l a r g e  biomass o f  p h y t o p l a n k t o n  i n  v e r y  
s o f t  w a t e r s ,  o r  we may be  o b t a i n i n g  p o s i t i v e  i n t e r f e r e n c e  i n  
t h e  f l u o r o m e t r i c  measurement o f  c h l o r o p h y l l  - a by a  normal  
c o n s t i t u e n t  o f  t h e s e  bog w a t e r s .  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  
t h i s  problem.  
The f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  from t h e  
YEARLY d a t a  s e t  a r e  d e s c r i b e d  i n  T a b l e  4 .  Those f i r s t  t h r e e  
p r i n c i p a l  components e x p l a i n  n e a r l y  7 5  p e r c e n t  o f  t h e  v a r i a n c e  
i n  t h a t  d a t a  s e t ,  a s  ev idenced  by an  examina t ion  o f  t h e  e igen-  
v e c t o r  c o e f f i c i e n t s .  The most i m p o r t a n t  p a r a m e t e r s  ( c o e f f i c i e n t s  
g r e a t e r  t h a n  0 . 3 )  f o r  each  component a r e  a s  f o l l o w s :  
FIRST component - 4 0 %  o f  v a r i a n c e  SECOND component - 1 3 %  o f  v a r i a n c e  
Magnesium 
pH 
A l k a l i n i t y  
C o n d u c t i v i t y  
Calcium 
Tempera ture  
D i s s o l v e d  Oxygen 
Po tas s ium 
T o t a l  Phosphorus  
S o l u b l e  Phosphorus  
THIRD component - 1 2 %  o f  v a r i a n c e  
S e c c h i  Depth 
N i t r a t e s  
Color  
An u n d e r l y i n g  concep t  d e s c r i b e d  by each  component i s  s u g -  
g e s t e d  by i t s  p a r t i c u l a r  combina t ion  o f  predominant  v a r i a b l e s .  
For example,  t h e  a s s o c i a t i o n  o f  v a r i a b l e s  used  i n  d e r i v i n g  
v a l u e s  f o r  t h e  f i r s t  component s u g g e s t s  t h a t  such  v a l u e s  l i e  
a l o n g  a  "Hardness" a x i s .  S i m i l a r l y ,  t h e  second and t h i r d  com- 
p o n e n t s  can  be r e g a r d e d  t o  be  "Lake Metabolism" and "Bog - n e s s "  
m e a s u r e s ,  r e s p e c t i v e l y .  
I t  can  be  s e e n ,  however ,  t h a t  each  o f  t h e  t h r e e  components 
s e p a r a t e l y  do n o t  e x p l a i n  s u f f i c i e n t  v a r i a n c e  i n  t h e  d a t a  f o r  
any one t o  b e  used  t o  d e s c r i b e  t h e  p r e s e n t  w a t e r  q u a l i t y  o f  t h e  
l a k e s  i n  t h e  s t u d y  g roup .  T h i s  s u g g e s t s  t h a t  t h e  r e s u l t s  o f  t h e  
c l u s t e r i n g  a n a l y s e s  w i l l  b e  u s e f u l  i n  f o r m u l a t i n g  a  s p e c i f i c  
m u l t i d i m e n s i o n a l  model t o  be used  i n  r a t i n g  l a k e  w a t e r  q u a l i t y .  
The dendrograms i n  f i g u r e s  8 t h r o u g h  1 2  were d e r i v e d  u s i n g  
o u r  s e a s o n a l  and y e a r l y  d a t a  s e t s  a s  i n p u t .  For  c o n s i s t e n c y  o f  
p r e s e n t a t i o n ,  t h e  l a k e s  a r e  c l u s t e r e d  a t  t h e  e i g h t - g r o u p  l e v e l ,  
w i t h  each  group s e p a r a t e d  v e r t i c a l l y  by a  s m a l l  s p a c e .  The 
p o l a r i t y  o f  t h e  j u n c t i o n s  a r e  such  t h a t  i n  t h e  two groups  b e i n g  
p a i r e d ,  t h e  one hav ing  t h e  g r e a t e s t  w i t h i n - g r o u p  s i m i l a r i t y  l i e s  
above t h e  o t h e r .  I f  o n l y  one l a k e  i s  c o n t a i n e d  i n  a  g r o u p ,  i t  
l i e s  below t h e  j u n c t i o n .  
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FIGURE 8 CLUSTER ANALYSIS  OF LAKES BASED UPON YEARLY DATA 
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FIGURE 9 CLUSTER ANALYSIS OF LAKES BASED UPON SPRING DATA 
V A L U E  O F  S I M I L A R I T Y  C O E  F F I C I E N T  
1.0 0.8 0.6 ,0 .4  0 . 2  0.0 -0.2 -0.4 
L I I 1 I I 1 1 I 1 i I 1 1 1 
OSMUN 
R O B E R T S  
M c L A V E Y  - 
DOG 
MUD L A K E  BOG i % 
B R Y A N T ' S  B O G  
L I V I N G S T O N  B O G  
HOOP I 




S T O N E Y  C R E E K  1 1 
L O N G  
S I L V E R  ( W I L M O ~  
A R N O T T  - 
L A N C A S T E R  
CARP 
w l L D w o o ~  1 
MUNRO L A R K S  s
ROUND 1 
D E V E R E A U X  
W E B E R  
C O C H R A N  
T W I N  ( I S O L A T E D )  
V I N C E N T  
MUD 1 
F R E N C H  F A R M  
W Y C A M P  
T W I N  ( B A S I N  A) 
T W l N  ( B A S I N  0) 
S I L V E R  ( K O E H L E R )  
BURT 
M U L L E T T  
C R O O K E D  
P I C K E R E L  
T W I N  ( B A S I N  G )  1 
B L A C K  I 
S P R I N G  1 
FIGURE 10 CLUSTER ANALYSIS OF LAKES' BASED UPON SUMMER DATA 
V A L U E  O F  S I M I L A R I T Y  C O E F F I C I E N T  
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FIGURE 11 CLUSTER A N A L Y S I S  OF LAKES B A S E D  UPON F A L L  D A T A  
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'FIGURE 12 CLUSTER ANALYSIS OF LAKES BASED UPON WINTER DATA 
The s e n s i t i v i t y  o f  t h e  c l u s t e r i n g  r o u t i n e  t o  v a r i a n c e  
i n  t h e  d a t a  s e t  becomes a p p a r e n t  ( f i g u r e s  8 t h r o u g h  1 2  ) .  
A s s o c i a t i o n s  a t  t h e  e i g h t - g r o u p  l e v e l  a r e  n o t  e q u i v a l e n t .  
That  t h e  c l u s t e r i n g  r o u t i n e  may y i e l d  e q u i v a l e n t  g r o u p i n g s  a t  
some l e v e l ,  r e g a r d l e s s  o f  s e a s o n ,  i s  s u g g e s t e d  by t h e  o b s e r -  
v a t i o n  t h a t  c e r t a i n  g r o u p i n g s ,  which o c c u r  a t  v e r y  h i g h  v a l u e s  
f o r  t h e  s i m i l a r i t y  c o e f f i c i e n t ,  can  be  found i n  each  o f  t h e  
dendrograms.  The b r o w n - s t a i n e d  l a k e s  ( L i v i n g s t o n ,  B r y a n t ' s ,  
Hoop and Lance) g e n e r a l l y  c l u s t e r  t o g e t h e r  i n d e p e n d e n t l y  of  
t h e  s e a s o n a l  n a t u r e  o f  t h e  d a t a .  L ikewise ,  t h e  s e v e r a l  b a s i n s  
o f  Twin Lakes a s s o c i a t e  w e l l .  Mud Lake and S p r i n g  Lake,  which 
c o u l d  be c o n s i d e r e d  t o  be  two b a s i n s  i n  one l a k e , a l s o  group t o -  
g e t h e r  c o n s i s t e n t l y .  Bur t  and M u l l e t t  a l s o  group t o g e t h e r ,  a s  do 
Crooked and P i c k e r e l  Lakes.  S i n c e  t h e s e  groups  o f  l a k e s  a r e  
p rox ima l  t o  one a n o t h e r  i n  t h e  I n l a n d  Water Rou te ,  such  g r o u p i n g s  
a p p e a r  t o  have e c o l o g i c a l  s i g n i f i c a n c e .  F u r t h e r m o r e ,  Crooked,  
P i c k e r e l ,  Bur t  and M u l l e t t  Lakes c l u s t e r  t o g e t h e r  a t  a  h i g h e r  l e v e l  
c o n s i s t e n t l y  from s e a s o n  t o  s e a s o n .  
Although t h e s e  i n t u i t i v e l y  sound g r o u p i n g s  a p p e a r  i n  a l l  
dendrograms,  t h e  o t h e r  l a k e s  a s s o c i a t e d  w i t h  such  a  group 
g e n e r a l l y  do n o t  r ema in  c o n s i s t e n t ,  n o r  do such  g roups  have  
e q u i v a l e n t  w i t h i n - g r o u p  s i m i l a r i t y  from s e a s o n  t o  s e a s o n .  I t  
i s  i m p o r t a n t  t o  n o t e  t h a t  b a s e d  upon y e a r l y  d a t a  ( f i g u r e  8 ) ,  
t h e  g roup ing  o f  l a k e s  co r re sponded  most c l o s e l y  t o  i n t u i t i v e  
r a n k i n g  o f  t h e s e  l a k e s  by l i m n o l o g i s t s  i n v o l v e d  i n  t h e  NSF-RANN 
program. F u r t h e r  a n a l y s i s  i s  t h e r e f o r e  r e q u i r e d  t o  d e t e r m i n e  
a t  which group l e v e l ,  i f  any ,  a  c l u s t e r i n g  r o u t i n e  w i l l  g e n e r a t e  
e q u i v a l e n t  c l u s t e r i n g  s t r u c t u r e s  from d a t a  s e t s  compi led  d u r i n g  
d i f f e r e n t  s e a s o n s .  The f i r s t  s t e p  i n  t h a t  e f f o r t  i s  t o  e s t a b l i s h  
t h e  e c o l o g i c a l  m e a n i n g f u l n e s s  o f  t h e  g roup ings  r e s u l t i n g  from 
t h e  p a r t i c u l a r  c l u s t e r i n g  a l g o r i t h m  u s e d .  
When t h e  s i m i l a r i t y  c o e f f i c i e n t  i s  h i g h ,  l a k e  g roup ings  
have  occursed which a g r e e  w i t h  g r o u p i n g s  t h a t  were i n i t i a l l y  
p e r c e i v e d  by e x p e r i e n c e d  o b s e r v e r s  a t  t h e  B i o l o g i c a l  S t a t i o n .  
A t  l ower  v a l u e s  o f  t h e  s i m i l a r i t y ,  a  comparison between a n a l y t i c a l l y  
d e r i v e d  c l u s t e r s  and t h o s e  p e r c e i v e d  by an e x p e r i e n c e d  o b s e r v e r  
f a i l ,  due t o  t h e  o b s e r v e r ' s  i n a b i l i t y  t o  a s s e s s  o b j e c t i v e l y  and 
i n  t o t o  t h e  comple te  r ange  o f  p a r a m e t e r s  i n v o l v e d .  However, 
if an o b s e r v e r  was a b l e  t o  d e f i n e  and implement h i s  i n t u i t i v e  
c l u s t e r i n g  a l g o r i t h m  u s i n g  many p a r a m e t e r s ,  such  a  comparison 
c o u l d  b e  made, w i t h  t h e  a s sumpt ion  t h a t  t h e  c l o s e r  an a n a l y t i c a l l y  
d e r i v e d  s t r u c t u r e  a g r e e s  w i t h  t h e  e x p e r i e n c e d  o b s e r v e r ' s  i n t u i t i o n ,  
t h e  more e c o l o g i c a l l y  s i g n i f i c a n t  t h e  r e s u l t  o f  t h e  a n a l y s i s .  
A c o n c i s e  r e p r e s e n t a t i o n  o f  e a c h  l a k e ' s  p o s i t i o n  i n  h y p e r -  
d i m e n s i o n a l  s p a c e  migh t  h e l p  an o b s e r v e r  i n  a s s e s s i n g  t h e  
s i m i l a r i t y  o f  a  group of  l a k e s ,  b u t  f o r  more t h a n  t h r e e  d imens ions  
a  c o n s t r u c t  i s  p h y s i c a l l y  and c o n c e p t u a l l y  i n t r a c t a b l e .  Con- 
s e q u e n t l y ,  we per formed a  c l u s t e r  a n a l y s i s  of  l a k e s  r e p r e s e n t e d  
i n  t h e  YEARLY d a t a  s e t  u s i n g  t h r e e  p r i n c i p a l  components a s  
d e s c r i p t i v e  p a r a m e t e r s  ( f i g u r e  2 3 ) .  The a s s o c i a t i o n s  a t  
t h e  e i g h t - g r o u p  l e v e l  were c o l o r - c o d e d  on a  p h y s i c a l  
model c o n s t r u c t e d  i n  t h r e e  d imens ions  ( f i g u r e  2 4 ) .  
An e x a m i n a t i o n  o f  t h e  p h y s i c a l  model shows t h a t  t h e  c l u s t e r i n g  
r o u t i n e  does  n o t  form s p h e r o i d a l  c l u s t e r s ,  p r o b a b l y  a s  a  
consequence  o f  t h e  p a r t i c u l a r  new group l o c a t i o n  p r o c e d u r e s  
used  i n  t h e  r o u t i n e .  Another  consequence  of  t h i s  p r o c e d u r e  
V A L U E  O F  S I M I L A R I T Y  C O E F F I C I E N T  
1.0 0.8 0.6 0.4 0 - 2  0.0 - 0 . 2  -0 .4  - 0 . 6  
t 1 I 1 I 1 I 1 I I I I 1 1 1 I I 
L I V I N G S T O N  B O G  CLUSTERING 
W E B E R  PRINCIPAL COMPONENTS 
I B R Y A N T ' S  B O G  
H O O P  
D E V E R E A U X  
.WILDWOOD 
M U D  L A K E  B O G  
C O C H R A N  
S T O N E Y  C R E E K  
M c L A V E Y  
R O B E R T S  
DSMUN 
AHNOTT- 
I I I L A N C E  
L A N C A S T E R  1 
I V  L A R K S  
S I L V E R ( W I L M 0 T )  
V M U N R O  
L O N G  
B L A C K  
V I 1  W Y C A M P  
B U R T  
FIGURE 13 CLUSTER ANALYSIS 
OF L A K E S  B A S E D  UPON THF 
S l L V E R ( K 0 E H L E R ) -  
P I C K E R E L  
R O U N D  
T W I N ( B A S I N  A )  
T W l N ( B A S 1 N  D l  
M U L L E T T  
S P R I N G  
- 
Y E A R L Y  D A T A  S E T  U S I N G  T H E  
F I R S T  T H R E E  P R I N C I P A L  
COMPONENTS AS D E S C R I F  T I  VE 
PARAMETERS,  L A K E  GROUPINGS 
ARE D E S I G N A T E D  BY ROMAN 
NUMERALS 
C R O O K E D  1 
T W I N ( B A S I N  GI. 
- 
- 
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GROUPS OF LAKES) AS FOUND I N  FIGURE 1 3 )  ARE COLOR 
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is that once a lake is included in a group, its position in the 
p-dimensional space is not retained, and the lake is not avail- 
able for comparing to other groups as they develop. Work will 
have to be done to improve the algorithm used by the clustering 
routine so that alternative groupings can be compared and max- 
imized. 
In summary, it has been shown that a limited data base 
has been developed and applied in an analytical program initially 
modeled after an approach used by Shannon and Brezonik (1972) in 
a somewhat similar ecological study of Florida lakes. The 
eventual goal of our analyses is to rank lakes on the basis 
of present water quality. The results of the analysis to date 
have been presented, with a discussion of their implications for 
the continuing effort. The testing of methods and closer 
definition of the orientation of the analytical approach can be 
regarded as completion of a major step necessary to the success 
of the RANN program at the University of Michigan Biological 
Station. 
Early indicators of water quality change -
We are encouraged by our preliminary results in ranking 
lakes based upon present water quality characteristics. The 
next step, and a most important one, will be to incorporate 
rate process information into our ranking scheme. In order to 
rank lakes in terms of their sensitivity to change, we must 
have information on rates of change. However, data on limno- 
logical rate processes is difficult to obtain. Agencies re- 
sponsible for water quality monitoring rarely have the time, 
manpower, or funds to conduct even simple experiments on 
primary productivity rates in a large number of lakes. Another 
approach, and one that is more applicable to a water quality 
monitoring agency, is to establish early indicators of lake 
change in biological community structure. Since organisms 
can be considered integrators of the environment in which they 
live, they should be good indicators of changing environmental 
conditions. However, our current knowledge of indicator species 
has not been useful in allowing us to detect early changes in 
water quality. Obnoxious growths of the blue-green alga, 
Anaebena, or the benthic green alga, - CZadophora, are certainly 
indicators of advanced eutrophy, but'do not act as early-warning 
signals. It is our contention that indicators in biological 
community structure may be more valuable in detecting early 
signs of change in water quality. We are currently analyzing 
data on community structure of Protozoa, Rotifera and Crustacea 
for early indicators of change. 
Protozoa 
Investigations on various aspects of the colonization 
of artificial substrates (polyurethane foam) by freshwater 
protozoans during the period June 1972 through October 1974 were 
supported, in part, by funds from the NSF-RANN Grant awarded to 
the University of Michigan Biological Station. The work during 
this period was an exploration of invasion rate problems that 
had grown out of earlier studies. The first investigation 
using polyurethane foam substrates for these studies were 
undertaken during summer, 1967 by Cairns -- et al.(1969). The 
results of this work supported the MacArthur-Wilson Equilibrium 
blode1,even though the number of protozoan species did not reach 
a  t r u e  e q u i l i b r i u m  i n  e i g h t  weeks.  F a i l u r e  t o  do s o  s u g g e s t e d  
t h a t  t h e  e i g h t  week p e r i o d  d u r i n g  which t h e  i n v e s t i g a t i o n  was 
c a r r i e d  o u t  was n o t  long  enough t o  a l l o w  e q u i l i b r i u m  t o  b e  
a c h i e v e d .  
A s  a  f o l l o w - u p  i n v e s t i g a t i o n ,  C a i r n s ,  Dickson and Yongue 
(1971) began t h e i r  s t u d y  a p p r o x i m a t e l y  seven  weeks e a r l i e r  
( immedia te ly  f o l l o w i n g  i c e - o f f )  i n  o r d e r  t o  a l l o w  a d d i t i o n a l  
t ime  f o r  e q u i l i b r i u m  t o  be r e a c h e d .  T h i s  s t u d y  showed t h a t  
t h e  number o f  s p e c i e s  found i n  s u b s t r a t e s  between 46 and 95 
days  o l d  o s c i l l a t e d  a b o u t  a  mean o f  1 9 . 7 6  s p e c i e s .  T h i s  mean 
was 33% lower  t h a n  t h e  mean f o r  37 t o  43 day-old  u n i t s  ( p o l y -  
u r e t h a n e  foam s u b s t r a t e s )  of  t h e  p r e v i o u s  s t u d y .  
Those r e s u l t s  l e a d  t o  a  s t u d y  of t h e  r e l a t i o n s h i p  be tween 
number of  p r o t o z o a n  s p e c i e s  and d u r a t i o n  of  h a b i t a t  immersion 
( C a i r n s ,  Yongue and B o a t i n  1 9 7 3 ) .  P o l y u r e t h a n e  foam u n i t s  
( s u b s t r a t e s )  were p l a c e d  a t  weekly i n t e r v a l s  a t  t h e  s u r f a c e  
o f  t h e  e p i l i m n i o n  o f  Douglas  Lake from 11 J u l y  1970 t o  8  August  
1970. A t  t h e  t ime  of  t h e  f i r s t  sampl ing  on 14 August  1970,  
u n i t s  had been immersed 32 ,  2 5 ,  1 8 ,  11 and 4 d a y s ,  r e s p e c t i v e l y .  
A r e c o r d  sampl ing  was c a r r i e d  o u t  on 2 7  September 1970.  The 
a v e r a g e  number of  s p e c i e s  d u r i n g  t h e  f i r s t  s ampl ing  r a n g e d  
between an  a v e r a g e  of  39.5 and 63 .5  s p e c i e s .  A t  t h e  secnnd  
sampl ing  t h e  number o f  s p e c i e s  r anged  between 28 and 3 4  s p e c i e s .  
I n  b o t h  c a s e s  t h e  i n d i c a t i o n  was t h a t  t h e  c o l o n i z a t i o n  r a t e  a s  
w e l l  a s  number o f  c o l o n i z i n g  s p e c i e s  had  s h i f t e d  o v e r  t h e  
p r e v i o u s  y e a r s .  
A second i n v e s t i g a t i o n  was conduc ted  d u r i n g  summer, 1970 
t o  d e t e r m i n e  t h e  r e l a t i o n  between c o l o n i z a t i o n  i n  t h e  b e n t h i c  
a r e a  and c o l o n i z a t i o n  a t  t h e  s u r f a c e .  The r e s u l t s  showed t h a t  
c o l o n i z a t i o n  was s i g n i f i c a n t  a s  e a r l y  a s  3 .5 days (22 s p e c i e s  
a v e r a g e )  and was r e l a t i v e l y  s t a b l e  from 14 days  on (46 .5  s p e c i e s  
a v e r a g e ) .  I t  a l s o  i n d i c a t e d  t h a t  numbers and k i n d s  o f  s p e c i e s  
t h a t  c o l o n i z e d  p o l y u r e t h a n e  s u b s t r a t e s  were v e r y  much a l i k e  
b o t h  a t  t h e  s u r f a c e  and i n  t h e  b e n t h i c  a r e a .  Those r e s u l t s  
s u g g e s t e d  t h a t  t h e  r a t e  o f  c o l o n i z a t i o n  might  b e  much t h e  same 
b o t h  v e r t i c a l l y  and h o r i z o n t i a l l y  t h r o u g h o u t  t h e  l a k e .  
No s i t e - s p e c i f i c  d i s t o r t i o n s  were n o t e d  t h u s  f a r ,  which 
i n d i c a t e s  t h e  method had c o n s i d e r a b l e  m e r i t .  The g r a d u a l  
i n c r e a s e  i n  i n v a s i o n  r a t e  o v e r  t h e  s t u d y  p e r i o d  s u g g e s t s  a  
p ro found  change i s  o c c u r i n g  i n  t h e  l a k e ,  t h e  most l i k e l y  
e x p l a n a t i o n  f o r  which i s  e u t r o p h i c a t i o n .  
The i n v e s t i g a t i o n  d u r i n g  summer, 1973 i s  cove red  i n  
C a i r n s  and Yongue (1974) .  Much more e x t e n s i v e  d a t a  was o b t a i n e d  
d u r i n g  summer, 1974 and i s  c u r r e n t l y  b e i n g  a n a l y z e d .  The 
methods and p r o c e d u r e s  were  t h e  same a s  i n  t h e  1973 s t u d i e s ,  b u t  
t h e  d i s t r i b u t i o n  of t h e  s u b s t r a t e s  was d e s i g n e d  t o  d e t e c t  an 
e p i c e n t e r  f o r  the' e u t r o p h i c a t i o n  p r o c e s s  ( e . g .  s e p t i c  t a n k  
d r a i n a g e )  and i t s  e f f e c t s  on P ro tozoan  c o l o n i z a t i o n  r a t e .  
The f i r s t  s t u d y  i n  t h i s  s e r i e s  t o  r e c e i v e  NSF-RANN s u p p o r t  
was i n i t i a t e d  d u r i n g  t h e  summer, 1972. T h i s  s t u d y  was u n d e r t a k e n  
t o  i n v e s t i g a t e  p r o t o z o a n  c o l o n i z a t i o n  r a t e s  a t  d i f f e r e n t  d e p t h s  
i n  Douglas Lake ( C a i r n s  and Yongue 1974) .  Three  s e r i e s  o f  
p o l y u r e t h a n e  s u b s t r a t e s  were p l a c e d  i n  t h e  l a k e .  Two of  t h e s e  
were  anchored  i n  6 . 5  m o f  w a t e r  and t h e  t h i r d  i n  20.5 m o f  
w a t e r .  The f i r s t  two s e r i e s  c o n t a i n e d  s u b s t r a t e s  a t  t h e  
s u r f a c e  and a t  d e p t h s  o f  1 . 5 ,  3 . 0 ,  4 .5  and 6 .0  m .  The t h i r d  
s e r i e s  had s u b s t r a t e s  suspended a t  d e p t h s  of  6 ,  11, 1 2 ,  1 3 ,  1 4 ,  
1 5 ,  18  and 20 m .  Sampling was c a r r i e d  o u t  weekly d u r i n g  t h e  
summer p e r i o d  up t o  10 Augus t .  Sampling of  S e r i e s  I1 i n c l u d e d  
20 October  which was a f t e r  t h e  f a l l  o v e r t u r n ,  and a g a i n  on 
20 J u n e  1973. S e r i e s  I11 was a l s o  sampled on 20 O c t o b e r .  No 
c l e a r  d i f f e r e n c e s  i n  p a t t e r n  r e l a t e d  t o  d e p t h  of  c o l o n i z a t i o n  
o r  s p e c i e s  d i v e r s i t y  was e v i d e n t  i n  t h e  s u r f a c e  t o  6 m s u b s t r a t e s .  
Dur ing  t h e  summer s t a g n a t i o n  p e r i o d ,  t h e  number of  s p e c i e s  
c o l o n i z i n g  d e e p l y  submerged s u b s t r a t e s  (11  t o  20 m) was lower  
t h a n  t h a t  o f  t h o s e  i n  t h e  e p i l i m n i o n ,  b u t  a f t e r  t h e  o v e r t u r n  
t h e  numbers were q u i t e  s i m i l a r .  S e r i e s  I11 d i s a p p e a r e d ,  p r e -  
sumably due t o  v a n d a l i s m ,  b e f o r e  s p r i n g ,  1973.  However, S e r i e s  
I1 which remained i n t a c t  showed an e v i d e n t  i n c r e a s e  i n  number 
o f  s p e c i e s  a t  a  20 J u n e  1973 sampl ing .  T h i s  s u g g e s t e d  t h a t  
t h e  r a t e  o f  c o l o n i z a t i o n  i n  t h i s  l a k e  was ,  i n d e e d ,  c l i m b i n g .  
Befo re  t h e  1972 summer s e s s i o n ,  one of  o u r  c o l l e a g u e s  
(B. C .  P a r k e r )  posed t h e  q u e s t i o n  t h a t  s u b s t r a t e  c o l o r  migh t  
have an e f f e c t  on c o l o n i z a t i o n  r a t e s .  Dur ing  t h e  1972 s e s s i o n ,  
s u b s t r a t e s  i n  c o l o r s ,  r a n g i n g  from r e d  t o  p u r p l e ,  i n c l u d i n g  
w h i t e ,  were p l a c e d  i n  t h e  l a k e  and sampled weekly .  No d i f -  
f e r e n c e  was d e t e c t e d .  These s u b s t r a t e s  remained  i n  t h e  l a k e  
th rough  t h e  1974 summer s e s s i o n  . Samplings were c a r r i e d  o u t  
d u r i n g  1 9 7 3 a n d  1974,  s o  d a t a  was g a t h e r e d  on s u b s t r a t e s  t h a t  
had remained i n  t h e  l a k e  f o r  one and two y e a r s .  T h i s  d a t a  i s  
b e i n g  a n a l y z e d  w i t h  s i m i l a r  d a t a  from o t h e r  s t u d i e s .  
During t h e  1973 summer s e s s i o n ,  s e t s  of  p o l y u r e t h a n e  
s u b s t r a t e s  were d i s t r i b u t e d  i n t o  twe lve  w i d e l y  s c a t t e r e d  s i t e s  
a round t h e  p e r i m e t e r  o f  Douglas Lake. The s i t e s  chosen  
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r e p r e s e n t e d  a s  d i v e r s e  h a b i t a t  t y p e s  a s  c o u l d  be  found i n  t h e  
l a k e .  Weekly sampl ings  were  made. T h i s  s t u d y  was c a r r i e d  o u t  
t o  f u r t h e r  t e s t  t h e  s u g g e s t i o n  t h a t  t h e  whole l a k e  i s  r e p r e s e n t e d  
b y  a  common p r o t o z o a n  community s t r u c t u r e .  T h i s  d a t a  was o r g a n -  
i z e d  and i s  now b e i n g  a n a l y z e d  f o r  o v e r l a p s  of s p e c i e s  t h r o u g h  
s p a c e ,  t i m e  and taxonomy. 
I n  a d d i t i o n ,  s e t s  of s u b s t r a t e s  were sampled d a i l y  f o r  
14  days  s o  t h a t  t h e  r a t e  of  c o l o n i z a t i o n  d u r i n g  t h i s  p e r i o d  
c o u l d  b e  d e t e r m i n e d .  I t  had  been  p r e v i o u s l y  e s t a b l i s h e d  t h a t  
s t a b l e  communit ies  were  deve loped  i n  14 d a y s .  T h i s  was r e p e a t e d  
i n  1974 and t h e  d a t a  f o r  b o t h  p e r i o d s  i s  b e i n g  amassed and 
analy 'zed.  
P l a n k t o n i c  R o t i f e r a  
R o t i f e r s  i n  l a k e s  be long  t o  t h e  C l a s s  Monogonata 
and C l a s s  B d e l l o i d e a .  Both groups  have  b e e n  s t u d i e d  r a t h e r  
e x t e n s i v e l y  i n  Europe ,  a l t h o u g h  t h e  monogonates a r e  b e t t e r  known. 
The monogonates e x i s t  i n  a  v a r i e t y  of  h a b i t a t s  from t e r r e s t r i a l  
mosses t o  t h e  s m a l l e s t  t empora ry  ponds t o  t h e  l a r g e s t  l a k e s .  
They a r e  found t h r o u g h o u t  t h e  l a c u s t r i n e  ecosys tem i n c l u d i n g  
t h e  l i m n e t i c  zone ,  among l i t t o r a l  v e g e t a t i o n  and i n  p s a m m o l i t t o r a l  
h a b i t a t s .  The B d e l l o i d e a  a l s o  e x i s t  i n  a  d i v e r s i t y  of  h a b i t a t s .  
However, t h e y  a r e  p r e d o m i n a t e l y  b e n t h i c  a n d ,  t h e r e f o r e ,  
a r e  a b s e n t  f rom t h e  l i m n e t i c  zone of  l a k e s .  They a r e  common 
b o t t o m  d w e l l e r s  i n  l a k e s  and a r e  o n l y  o c c a s i o n a l l y  c o l l e c t e d  
i n  p l a n k t o n  s a m p l e s .  R o t i f e r s  o b t a i n e d  i n  c o l l e c t i o n s  from 
t h e  l i m n e t i c  zone n o r m a l l y  i n c l u d e  b o t h  e u l i m n e t i c  and e u l i t t o r a l  
s p e c i e s .  L i t t o r a l  forms a r e  c o l l e c t e d  most o f t e n  from s h a l l o w ,  
weedy l a k e s ,  b u t  o c c a s i o n a l l y  t h e y  o c c u r  i n  n e t  tows t a k e n  
from t h e  l i m n e t i c  zone o f  l a r g e ,  deep  l a k e s .  Some s p e c i e s ,  
such as MonostyZa Z u n a r i s  and B r a c h i o n u s  spp., appear adapted 
to both littoral and planktonic existence. 
Basic descriptive information on the species composition 
and distribution of planktonic rotifers of inland lakes through- 
out North America is sorely lacking. Rotifers have been neglect- 
ed in most zooplankton investigations because of difficult and 
uncertain taxonomic problems. In addition, inherent problems 
in identification exist due to their small size (100 to 300 p 
long). Contraction and distortion of the body after fixation 
with common preservatives often makes identification to the 
species level exceedingly difficult if not impossible. Fortunate- 
ly, more recent literature on rotifer taxonomy (Ahlstrom 1943; 
Carlin 1943; Voigt 1957; and Edmondson 1959) has clarified 
some basic problems in the identification of many common species 
and has been successfully utilized in two recent investigations 
on the Laurentian Great Lakes (Nauwerck 1972; Stemberger 1973). 
The importance of rotifers in aquatic ecosystems should 
not be overlooked. Nauwerck (1972) has estimated that rotifer 
biomass may occasionally equal that of the crustacean zooplankton 
from his investigations in Lake Ontario. Hillbricht-Ilkowska 
(1967) noted rapid population turnover rates for Kera t eZZa  
c o c h Z e a r i s  , and the same is undoubtedly true for other species 
as well. Consequently, at least certain species or groups 
of species have the capability to respond rapidly to environ- 
mental change, and therefore, should be useful as indicators 
of lake change. 
Early studies on the rotifers in Michigan lakes were 
conducted by Jennings (1894, 1896, 1900 and 1904). He 
b r i e f l y  l i s t e d  160 s p e c i e s  of  p l a n k t o n i c  and l i t t o r a l  r o t i f e r s  
c o l l e c t e d  i n  a  few i n l a n d  l a k e s  i n  t h e  Grand T r a v e r s e  Bay a r e a  
and i n c l u d e d  r e c o r d s  o f  r o t i f e r s  from t h e  G r e a t  Lakes r e g i o n  
i n  g e n e r a l .  Campbell (1941) d i d  a  thorough i n v e s t i g a t i o n  on 
v e r t i c a l  d i s t r i b u t i o n  of  r o t i f e r s .  He r e c o r d e d  29 s p e c i e s  
i n  t h e  p l a n k t o n  of  Douglas Lake,  Cheboygan County. Beach 
(1960) r e c o r d e d  34  s p e c i e s  i n  a  s t u d y  o f  r o t i f e r s  i n  t h e  
Ocqueoc R i v e r  s y s t e m ,  P resque  I s l e  County. The most r e c e n t  
i n v e s t i g a t i o n  on r o t i f e r s  i n  Michigan was conducted  by P r i n s  
and Davis  (1966) .  They found 2 5  s p e c i e s  i n  t h e  Kalamazoo 
R i v e r  w h i l e  s t u d y i n g  t h e  e f f e c t s  of  p o l l u t a n t s  on r o t i f e r  
abundance.  
S i n c e  r o t i f e r s  have  been  i n a d e q u a t e l y  s t u d i e d  i n  North 
Amer ica ,  r o t i f e r  i n v e n t o r y  w i l l  p r o v i d e  new i n f o r m a t i o n  on 
t h e  d i s t r i b u t i o n  o f  s p e c i e s  i n  d i f f e r e n t  l a k e  t y p e s .  S p e c i e s  
t h a t  a r e  r e s t r i c t e d  i n  t h e i r  e c o l o g i c a l  r e q u i r e m e n t s  w i l l  b e  
u s e f u l  a s  i n d i c a t o r s  of  l a k e  t r o p h i c  s t a t e s .  Consequen t ly ,  
t h e s e  s p e c i e s  w i l l  be v a l u a b l e  i n  t h e  d e s i g n  of  a  f u n c t i o n a l  
l a k e  r a n k i n g  scheme p r e s e n t l y  i n  p r o g r e s s  a t  t h e  B i o l o g i c a l  
S t a t i o n .  An a n a l y s i s  of  s p e c i e s  d i v e r s i t y  w i l l  be  made from 
t h e s e  d a t a  t o  e x p l o r e  t h e  v a l u e  o f  t h e  d i v e r s i t y  i n d e x  a s  an 
i n d e p e n d e n t  v a r i a b l e  f o r  u s e  i n  o u r  l a k e  r a n k i n g  endeavors .  
F u r t h e r m o r e ,  s p e c i e s  a s s o c i a t i o n  c o e f f i c i e n t s  w i l l  be  ana lyzed  
t o  d e t e r m i n e  any r e l a t i o n s h i p s  o f  r o t i f e r  community s t r u c t u r e  
t o  l a k e  t r o p h i c  c o n d i t i o n s .  
Our i n i t i a l  emphasis  h a s  f o c u s e d  on s p e c i e s  compos i t ion  
o f  p l a n k t o n i c  r o t i f e r s  i n  t h e  l a k e s  o f  t h e  I n l a n d  Water Route 
r e g i o n .  S p e c i e s  l i s t s  f o r  most o f  t h e  38 l a k e s  su rveyed  f o r  
r o t i f e r s  have been  comple ted  f o r  t h r e e  sampl ing  s e a s o n s .  
Analyses  on samples  from t h e  f o u r t h  s e a s o n  (summer 1973) 
I 
a r e  c u r r e n t l y  i n  p r o g r e s s .  Over 110 s p e c i e s  have been  r e p o r t e d  
t h u s  f a r .  About 60  s p e c i e s  a r e  p l a n k t o n i c ,  w h i l e  t h e  r e s t  a r e  
a s s o c i a t e d  w i t h  l i t t o r a l  h a b i t a t s  (Tab le  7 ) Twenty - f ive  
of  t h e  l i n m e t i c  s p e c i e s  a r e  new r e c o r d s  f o r  Michigan l a k e s .  
Although our  a n a l y s e s  a r e  i n c o m p l e t e  a t  t h i s  t i m e ,  some 
s i g n i f i c a n t  p a t t e r n s  e x i s t  i n  s p e c i e s  d i s t r i b u t i o n  w i t h  r e g a r d  
t o  w a t e r  q u a l i t y .  The most p romis ing  i n d i c a t o r  f o r  o l i g o t r o p h y  
i s  S y n c h a e t a  a~yrnrne t r i ca .  T h i s  s p e c i e s  was f i r s t  r e p o r t e d  f o r  
North America from Lake Michigan (Stemberger  1 9 7 3 ) .  S y n c h a e t a  
Z a k o w i t z i a n a  and MothoZca squarnqia have  been  o b s e r v e d  o n l y  i n  
o l i g o t r o p h i c  and m e s o t r o p h i c  l a k e s  d u r i n g  w i n t e r  months,  b u t  
may a l s o  be found i n  t h e  c o l d  h y p o l i m n e t i c  w a t e r s  o f  deep  l a k e s  
d u r i n g  summer s t r a t i f i c a t i o n .  AspZanchna h e r r i c k i  h a s  been  
found t h u s  f a r  o n l y  i n  m e s o t r o p h i c  l a k e s .  No c l e a r  i n d i c a t o r s  
o f  e u t r o p h y  a r e  a p p a r e n t  a t  t h i s  t i m e ,  a l t h o u g h  F i Z i n i a  Zongise ta  
and Brach ionus  spp .  may p rove  i m p o r t a n t  s p e c i e s  i n  e u t r o p h i c  
l a k e s  d u r i n g  summer ( P e j l e r  1957,  Hakkar i  1 9 7 2 ) .  K e r a t e l l a  
t i c i n e n s i s  and PZoesoma Zynceus  have  c o n s i s t e n t l y  a p p e a r e d  
o n l y  i n  a c i d i c  l a k e s  and bogs .  K e r a t e l l a  t i c i n e n s i s  i s  
synonymous w i t h  - K. q u a d r a t a  var .  c u r v i c o r n i s  o f  Ahls  t rom (1943) 
and may be  a  new North American r e c o r d .  KerateZZa t a u r o c e p h a Z a ,  
a n o t h e r  ac idobiont ,  i s  a l s o  common i n  d y s t r o p h i c  l a k e s  i n  t h e  
s t u d y  a r e a .  
PoZyar th ra  v u Z q a r i s  and K e r a t e l l a  c o c h l e a r i s  were p r e s e n t  
i n  n e a r l y  e v e r y  w a t e r  body sampled.  O the r  u b i q u i t o u s  s p e c i e s  
were - P. r e m a t a ,  S y n c h a e t a  s t y l a t a ,  K .  c r a s s a ,  g. e a r l i m e  , - 
TABLE 7 L I S T  O F  R O T I F E R S  C O L L E C T E D  FROM 38 L A K E S  
I N  NORTHERN LOWER M I C H I G A N  
CLASS - Monogonata 
ORDER - Ploima 
FAMILY - B r a c h i o n i d a e  
SUBFAMILY - B r a c h i o n i n a e  
* A n u r e o p s i s  f i s s a  (Gosse)  
". f i s s a  f .  n a v i c u l a  R o u s s e l e t  
* Brach ionus  q u a d r i d e n t a t u s  Hermann 
* B .  a n g u Z a r i s  Gosse 
" u c h l a n i s  t r i g u e t r a  Ehrbg .  
* E. meneta  Meyers 
". d i l a t a t a  Ehrbg .  
* E .  oropha  Gosse 
* E. i n c i s a  C a r l i n  
K e l l i c o t t i a  b o s t o n i e n s i s  ( R o u s s e l e t )  
K. Z o n g i s p i n a  ( K e l l . i c o t t )  
K e r a t e l l a  c o c h l e a r i s  (Gosse)  
K .  c o c h l e a r i s  f .  t e c t a  (Gosse)  
K .  c r a s s a  A h l s t r o m  
K .  e a r l i n a e  A h l s t r o m  
K .  h i e m a l i s  C a r l i n  
K. q u a d r a t a  ( 0 .  F .  Mi i l l e r )  
K .  s e r r u l a t a  v a r .  c u r v i c o r n i s  Rylov 
K. t a u r o c e p h a l a  Myers 
K. t e s t u d o  (Ehrbg . )  * * K .  t i c i n e n s i s  ( C a l l e r i o )  
* L o p h o c h a r i s  s a l p i n a  (Ehrbg .  ) 
* Macrochae ta  s u b q u a d r a t u s  P e r t y  
* M y t i z i n a  v e n t r a Z i s  ( E h r b g . )  
* M ,  v e n t r a Z i s  v a r .  b r e v i s p i n a  Ehrbg .  
* M. v e n t r a l i s  v a r .  macrocantha  (Gosse)  
N o t h o l c a  acumina ta  (Ehrbg . )  
N .  f o Z i a c e a  (Ehrbg . )  
1. l a b i s  Gosse 
X N .  squamuZa ( 0 .  F.  filler) 
N .  s t r i a t a  ( 0 .  F .  MGl le r )  
* PZagias  pa tuZus  ( 0 .  F .  Mi i l l e r )  
* T r i c h o t r i a  p o c i l l u m  0 .  F .  Mii l le r  
* T t e t r a c t i s  (Ehrbg . )  
SUBFAMILY - C o l u r i n a e  
* L e p a d e l l a  acumina ta  (Ehrbg .  ) 
* L .  e r h r e n b e r g i  ( P e r t y )  
* Lepade Z Za s p p .  
* S q u a t i n e  l l a  t r i d e n t a t a  ( F r e s e n i u s )  
( c o n t i n u e d )  
FAMILY - Lecanidae  
* Lecane Zuna ( 0 .  F .  M c l l e r )  
* L .  f Z e x i Z i s  ( G o s s ~ )  
* L .  Z e o t i n a  (Turner)  
* L .  t u d i c o Z a  H a r r i n g  and Myers 
* L ,  p Z o e n e n ~ i s  (Yoigt )  
* L ,  o h i o e n s i s  ( H e r r i c k )  
* L .  i n t r a s i n u a t a  (Olofsson)  
" e c a n e  spp .  
Monosty Za l u n a r i s  Ehrbg. 
Q. q u a d r i d e n t a t a  Ehrbg. 
* M .  b u Z l a  Gosse 
* M .  c r e n a t a  H a r r i n g  
". hamata Stoke  
* MonostyZa spp .  
FAMILY - Notommatidae 
* CephaZodeZZa t e n u i s e t a  v a r .  amer icana  Donner 
* CephaZodeZZa s p p .  
FAMILY - T r i c h o c e r c i d a e  
* T r i c h o c e r c a  b i c r i s t a t u s  (Gosse) 
* T. b i r o s t r i s  (Minkiwicz) 
* T. c a p u c i n a  ( W i e r z e j s k i  and Z a c h a r i a s )  
. cy  Z i n d r i c a  (Imhof) 
* T .  i n e r m i s  ? ( L i n d e r )  
* T .  Zata  ( ~ e n n i n ~ s )  
* T .  Z o n g i s e t a  (Shrank) 
* T .  mucosa (S tokes )  
x T. m u l t i c r i n i s  ( K e l l i c o t t )  
* T .  parvuZa ( C a r l i n )  
T .  porce ZZus (Gosse) 
V .  pusiZZa ( J e n n i n g s )  
V .  r e l i c t a  ? Donner 
x T .  r o u s s e Z e t i  (Voigt )  
x T .  s i r n i l i s  ( W i e r z e j s k i )  
* T .  t e n u i o r  (Gosse) 
* T r i c h o c e r c a  s p p .  
FAMILY - Gast ropidae  
X Ascomorpha a g i l i s  v a r .  amer icana  de  Beauchamp 
A .  e c u a d i s  P e r t y  
A .  s a l t a n s  Bar tch  
Chromogas t e r  o v a l i s  (Bergandal )  
G a s t r o p u s  h y p t o p u s  (Ehrbg .) 
G .  s t y l i f e r  Imhof 
FAMILY - T y l o t r o c h i d a e  
Ty Zo t rocha  monopus ( J e n n i n g s )  
( c o n t i n u e d )  
FAMILY - A s p l a n c h n i d a e  
x AspZanchna b r i g h t w e l l i  Gosse 
A .  h e r r i c k i  de  Guerne 
X A .  g i r o d i  de  Guerne 
A .  p r i o d o n t a  Gosse 
A .  s i e b o Z d i  (Leydig)  
FAMILY - S y n c h a e t i d a e  
PZoesoma h u d s o n i  ( Imhof)  
P .  Z e n t i c u Z a r e  H e r r i c k  
P .  Zynceus  (Ehrbg . )  
P .  t r u n c a t u m  (Levander )  
PoZyar th ra  d o Z i c h o p t e r a  I d e l s o n  
P .  e u r y p t e r a  W i e r z e j s k i  
P. major  B u r c k h a r d t  
P .  r e m a t a  S k o r i k o v  
* * P .  v u Z g a r i s  C a r l i n  S y n c h a e t a  a s y m m e t r i c a  Koch-Althaus 
X S .  Z a k o w i t z i a n a  Lucks 
x S .  obZonga Ehrbg .  
S .  p e c t i n a t a  Ehrbg .  
S ,  s t y ~ a t a  W i e r z e j s k i  
S .  t r e m u l a  ( 0 .  F .  Mailer) 
S y n c h a e t a  SP. 
ORDER - F l o s c u l a r i a c e a  
FAMILY - T e s t u d i n e l l i d a e  
F i Z i n i a  Z o n g i s e t a  (Ehrbg . )  
F i Z i n i a  t e r m i n a l i s  ( P l a t e )  
Pompholyx s u Z c a t a  Hudson 
* T e s t u d i n e Z Z a  p a t i n a  f .  t r i Z o b a t a  Anderson 
V e s t u d i n e Z Z a  s p p .  
FAMILY - H e x a r t h r i d a e  
H e x a r t h r a  m i ra  (Hudson) 
FAMILY - F l o s c u l a r i i d a e  
p t y g u r a  Z i b e r a  Meyers 
FAMILY - C o n o c h i l i d a e  
Conoch iZo ides  c o e n o b a s i s  S k o r i k o v  
C .  d o s s u a r i u s  (Hudson) 
X C .  n a t a n  ( S e l i g o )  
ConochiZus  u n i c o r n i s  R o u s s e l e t  
C .  h i p p o e r e p i s  (Shrank)  
( c o n t i n u e d )  
ORDER - Col lo thecacea  
FAMILY - Col lo thec idae  
CoZZotheca mutabiZie [Hudson) 
C. peZagica Rousse le t  
CoZZotheca spp.  
* 
l i t t o r a l  s p e c i e s  
Xprev ious ly  n o t  recorded i n  Michigan 
' k e w  North American r eco rd  
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Ke Z Z i c o t t i a  l o n g i s p i n u ,  Conoch i  l u s  u n i c o r n i s ,  CoZZotheca m u t a b i  Z i s ,  
AspZancha p r i o d o n t a  and G a s t r o p u s  s t y l i  f e r .  These species are not 
useful indicators of lake trophic states since they are found 
in a widerange of environmental conditions. They are mentioned 
here because they contribute significantly to the biomass of 
zooplankton in the lakes under investigation. 
Rotifers currently are not utilized as water quality in- 
dicators in North American lakes. However, many species have 
proven to be useful indicators of lake trophic states in Europe 
(Berzins 1949; Pejler 1957; and Hakkari 1972). We have found 
many of these species to be good indicators for lakes in our 
study area. In addition, we have noted several other species 
that heretofore have not been utilized as indicator organisms. 
We are encouraged by the results of this investigation, because 
rotifers appear to offer a presently untapped biological 
resource for lake quality assessment. However, investigations 
must proceed on several fronts to further define the role of 
rotifers as indicators of lake trophic condition. First, species 
diversity as well as community structural characteristics will 
be analysed. Second, quantitative data will be accrued on 
rotifer populations. Presence and absence data may not be 
sufficient to adequately evaluate lake trophic condition. For 
example, F i Z i n i a  Z o n g i s e t a  may be present in very low abundance 
since its resting eggs hatch irregularly but at short intervals 
during the year. When ecological conditions are optimal, the 
population of this species increases rapidly (Gilbert 1974). 
Knowledge of life history, seasonal distribution, and ecological 
requirements are essential for evaluating the significance of 
t h e  appea rance  of  a  g i v e n  s p e c i e s  i n  a  l a k e  and i t s  c h a r a c t e r -  
i z a t i o n  a s  ,an i n d i c a t o r  organism.  
Crus t a c e a  
C r u s t a c e a n  zoop lank ton  have long  been r e c o g n i z e d  
a s  i m p o r t a n t  c o n s t i t u e n t s  o f  t h e  b i o l o g i c a l  community i n  l a k e s .  
These m i c r o - c r u s t a c e a n s  b e l o n g i n g  t o  t h e  C l a d o c e r a  and Copepoda 
a r e  n o t  o n l y  abundan t ,  b u t  a r e  a l s o  s i g n i f i c a n t  l i n k s  i n  f o o d  
web dynamics and e n e r g y  f l o w  pathways i n  t h e  a q u a t i c  ecosys tem.  
Because t h e y  a r e  l a r g e r  (600 t o  3,000 u l ong)  t h a n  r o t i f e r s ,  
t h e  m i c r o - c r u s t a c e a n s  have r e c e i v e d  much more a t t e n t i o n .  A l -  
though t h e  taxonomy o f  a t  l e a s t  t h e  l i m n e t i c  m i c r o - C r u s t a c e a  
i s  well-known and numerous p a p e r s  have  been  p u b l i s h e d  on 
t h e i r  eco logy  i n  i n l a n d  l a k e s ,  C l a d o c e r a  and Copepoda have  
n o t  been  used  e x t e n s i v e l y  a s  i n d i c a t o r  o rgan i sms .  
Few s p e c i e s  of  C l a d o c e r a  o r  Copepoda a r e  c h a r a c t e r i s t i c  
o f  a  g i v e n  l a k e  t y p e .  Two s p e c i e s  o f  Bosmina,  one c h a r a c t e r -  
i s t i c  of  o l i g o t r o p h y  and t h e  o t h e r  o f  e u t r o p h y ,  have  been  
u t i l i z e d  a,s i n d i c a t o r  organisms i n  Europe.  However, t h e s e  
s p e c i e s  have n o t  been used  i n  Nor th  America due t o  taxonomic 
c o n f u s i o n  i n  t h e  genus Bosmina t h a t  e x i s t e d  u n t i l  t h e  r e c e n t  
r e v i s i o n  by Deevey and Deevey (1971) .  Chydorus  s p h a e r i c u s  
i s  o f t e n  n o t e d  t o  a p p e a r  a s  a  common p l a n k t e r  i n  e u t r o p h i c  
w a t e r s  where e x t e n s i v e  b l u e - g r e e n  a l g a l  blooms a r e  p r e v a l e n t .  
However, t h e  g r o s s  appea rance  o f  t h e  a l g a l  bloom i s  a  b e t t e r  
i n d i c a t o r  of  e u t r o p h i c  c o n d i t i o n s  t h a n  t h e  i n c o n s p i c u o u s  
c l a d o c e r a n .  I f  a  z o o p l a n k t e r  i s  t o  be  u s e f u l  a s  an  i n d i c a t o r ,  
i t s  p r e s e n c e  o r  d i s a p p e a r a n c e  s h o u l d  b e  an e a r l y - w a r n i n g  s i g n a l  
t o  advancing  e u t r o p h y .  
Examining s t r u c t u r e  of  t h e  c r u s t a c e a n  zoop lank ton  com- 
muni ty  may be more f r u i t f u l  t h a n  l o o k i n g  f o r  i n d i c a t o r  s p e c i e s  
o f  e n v i r o n m e n t a l  change .  G l iwicz  (1969) obse rved  h i g h e r  
p r o p o r t i o n s  o f  c l a d o c e r a n s  and r o t i f e r s  and lower p r o p o r t i o n s  
o f  c a l a n o i d  copepods i n  P o l i s h  l a k e s  of  h i g h e r  e u t r o p h y .  A 
s i m i l a r  s i t u a t i o n  i s  f o u r d i n  t h e  G r e a t  Lakes.  I n  t h e  e u t r o p h i c  
w a t e r s  o f  Green Bay, r o t i f e r s  and c l a d o c e r a n s  a r e  r e l a t i v e l y  
more abundant  t h a n  c a l a n o i d  copepods ;  whereas i n  t h e  o l i g o -  
t r o p h i c  o f f s h o r e  w a t e r s  of  Lake Michigan ,  c a l a n o i d  copepods 
a r e  p r o p o r t i o n a t e l y  more abundan t .  Moni to r ing  t h e  r e l a t i v e  
p r o p o r t i o n s  o f  c a l a n o i d  copepods t o  c l a d o c e r a n s  and r o t i f e r s  
may be  a  u s e f u l  r a t i o  i n  i n d i c a t i n g  changes i n  w a t e r  q u a l i t y  
o f  l a k e s  (Gannon 1972) .  
Our o b j e c t i v e s  i n  i n v e s t i g a t i n g  c r u s t a c e a n  zoop lank ton  
i n  t h e  i n l a n d  l a k e s  o f  n o r t h e r n  Power Michigan a r e  t o  1 )  e x -  
amine t h e  s p e c i e s  c o m p o s i t i o n  i n  l a k e s  o f  t h e  s t u d y  a r e a  w i t h  
s p e c i a l  r e f e r e n c e  t o  any s p e c i e s  o r  groups  of  s p e c i e s  t h a t  may 
i n d i c a t e  t r o p h i c  c o n d i t i o n  of  t h e  l a k e s ,  and 2 )  compi le  quan-  
t i t a t i v e  d a t a  o n , p e r c e n t  compos i t ion  o f  major  groups  o f  
p l a n k t e r s  i n  o r d e r  t o  t e s t  t h e  h y p o t h e s i s  t h a t  t h e  r a t i o  of 
c a l a n o i d  copepods t o  c l a d o c e r a n s ,  and pe rhaps  t o  r o t i f e r s  
a s  w e l l ,  may be  u s e f u l  i n  c h a r a c t e r i z i n g  t r o p h i c  s t a t e .  Our 
a n a l y s e s  o f  s p e c i e s  c o m p o s i t i o n  a r e  n e a r l y  comple ted  w h i l e  
q u a n t i t a t i v e  c o u n t s  f o r  p e r c e n t  compos i t ion  a r e  p r o g r e s s i n g  
w e l l  a t  t h i s  t i m e .  Our i n v e s t i g a t i o n  i s  t h e  most i n t e n s i v e  
s t u d y  on zoop lank ton  e v e r  conduc ted  i n  n o r t h e r n  Michigan 
l a k e s .  P r e v i o u s  s t u d i e s  i n  t h e  a r e a  a r e  few and have  u s u a l l y  
r e s u l t e d  i n  s i m p l e  l i s t s  o f  o rgan i sms ,  o f t e n  o n l y  t o  t h e  
generic level (Gorham 1931, Welch 1936 a, 1936 b, 1938 a, 
1938 b; Chandler 1937; Hooper 1954). 
A total of 65 species of Cladocera and Copepoda have 
been observed in the lakes of the Inland Water Route region 
(Table 8 ) .  Thirty of these species are limnetic while 35 
are characteristic of the littoral zone. Many species were 
common to the majority of lakes regardless of trophic state. 
Epischura  Z a c u s t r i s ,  Cyc lops  b i c u s p i d a t u s  t h o m a s i ,  Mesocyc lops  
edax  Bosmina Z o n g i r o s t r i s ,  and Diaphanosoma Zeuchtenbergianum -3 
occurred in 85 percent of the lakes. Species occuring in 
over 50 percent of the lakes were Diaptomus m i n u t u s ,  - D .  oregon-  
e n s i s ,  Cyclopa v e r n a l i s ,  TropocycZops p r a s i n u s  mex icanus ,  
Chydorus s p h a e r i c u s ,  Daphnia g a l e a t a  mendotae ,  - D .  r e t r o c u r v a ,  
and Cer iodaphn ia  l a c u s t r i s .  Even those species with more 
limited distributions did not show any relationship to trophic 
status of the lakes. As we expected, crustacean zooplankton 
were not good indicators of trophic conditions of lakes in 
study areas. However, several aspects of community structure 
appear worth pursuing further. First, we have noted that 
those lakes which appear oligotrophic to the experienced 
observer generally have higher numbers of limnetic species in 
summer than more eutrophic lakes. We are currently analyzing 
these data with statistical scrutiny. It appears at this time 
that more oligotrophic ecosystems do indeed have higher species 
diversity than eutrophic ones. A drop in the number of limnetic 
species during comparable mid-summer periods may indicate 
environmental change. Second, calanoid copepods appear to 
be relatively more abundant than other limnetic micro-crustaceans 
in more oligotrophic ecosystems. Consequently, we are en- 
couraged that a simple ratio of ca.lanoid copepods to other 
major groups of limnetic zooplankters may be useful in 
characterizing lakes in the study area. 
TABLE 8 LIST OF CRUSTACEAN PLANKTON FROM 38 LAKES 
I N  NORTHERN LOWER M I C H I G A N  
CALANOID COPEPODA 
Diaptomus m i n u t u s  L i l l j e b o r g  
Diaptomus o r e g o n e n i s  L i l l  j e b o r g  
Diaptomus r e i g h a r d i  Marsh 
E p i s c h u r a  Z a c u s t r i s  S. A. Forbes  
CYCLOPOID COPEPODA 
CycZops b i c u s p i d a t u s  t h o m a s i  S.  A. Forbes  
V y c Z o p s  v a r i c a n s  r u b e l l u s  L i l l  j e b o r g  
*Cyc lops  v e n u s t o i d e s  b i s p i n o s u s  Yeatman 
CycZops v e r n a l i s  F i s c h e r  
~ E c o c y c Z o p s  p h a l e r a t u s  (Koch) 
* E u c y c l o p s  a g i l i s  ( K o c ~ )  
" y c y c Z o p s  s p e r a t u s  ( L i l l j e b o r g )  
*MacrocycZops a l b i d u s  ( J u r i n e )  
MesocycZops e d a x  (S.  A. F o r b e s )  
Mesocyc lops  Z e u c k a r t i  (C laus )  
OrthocycZops  m o d e s t u s  ( H e r r i c k )  
*ParacycZops  a f f i n i s  ( S a r s )  
*ParacycZops  f i m b r i a t u s  poppe i  (Rehberg)  
TropocycZops  p r a s i n u s  mex i canus  K i e f e r  
CLADOCERA 
FAMILY - Bosminidae 
Bosmina Z o n g i r o s t r i s  ( 0 .  F.  ~ G l l e r )  
Eubosmina c o r e g o n i  ( B a i r d )  
Eubosmina t u b i c e n  CBrehm) 
FAMILY - Chydor idae  
*Acroperus  harpae  B a i r d  
*AZona a f f i n i s  (Leydig)  
*AZona c o s t a t a  S a r s  
*AZona g u t t a t a  S a r s  
*AZona q u a d r a n g u z a r i s  ( 0 .  F. ~ G l l e r )  
*AZona s e t u Z o s a  Megard 
*Alone  ZZa e x c i s a  ( F i s c h e r )  
*AZoneZZa nana ( B a i r d )  
*Camptocercus  r e c t i r o s t r i s  S c h o d l e r  
*Chydorus  o v a Z i s  Kurz 
*Chydorus  s p h a e r i c u s  0 .  F. ~ G l l e r  
* E u r y c e r c u s  ZameZZatus (0 .  F. M g l l e r )  
*GraptoZe&is  t e s t u d i n a r i a  ( F i s c h e r )  
* L e y d i g i a  q u a d r a n g u z a r i s  (Leydig)  
( c o n t i n u e d )  
Monosp i lu s  d i s p a r  S a r s  
PZeuroxus  p r o c u r v u s  B i r g e  
PZeuroxus  s t r i a t u s  S c h o d l e r  
PZeuroxus  u n c i n a t u s  B a i r d  
FAMILY - Daphnidae 
C e r i o d a p h n i a  Z a c u s t r i s  B i r g e  
C s ~ i o d a p h n i a  q u a d r a n g u l a  0 .  F .  M u l l e r  
Daphnia ambigua S c o u r f i e l d  
Daphnia ca tawba Coker 
Daphnia d u b i a  H e r r i c k  
Daphnia gaZea ta  mendotae  B i r g e  
Daphnia Zong i remi s  S a r s  
Daphnia p a r v u l a  Fordyce 
Daphnia p u l e x  Leydig emend. R icha rd  
Daphnia p u l i c a r i a  Forbes  emend. Hrbacek 
Daphnia r e t r o c u r v a  Forbes  
Daphnia r o s e a  S a r s  emend. Richard  
Daphnia s ch#dZer i  S a r s  
* S c a p h o l e b r i s  k i n g i  S a r s  
" imocephaZus  e x s p i n o s u s  (Koch) 
4SimocephaZu.s s e r r u l a t u s  (Koch) 
*SimocephaZus  v e t u Z u s  S c h o d l e r  
FAMILY - Holopedidae  
HoZopedium g ibberum Zaddach 
FAMILY - L e p t o d o r i d a e  
L e p t o d o r a  k i n d t i i  (Focke) 
FAMILY - M a c r o t h r i c i d a e  
* D r e p a n o t h r i x  d e n t a t a  (Euren)  
* I l y o c r y p t u s  s p i n i f e r  H e r r i c k  
4Ophryoxus g r a c i Z i s  S a r s  
* S t r e b Z o c e r u s  s e r r i c a u d a t u s  ( F i s c h e r )  
FAMILY - Polyphemidae 
PoZyphemus p e d i c u l u s  (L .) 
FAMILY - S i d i d a e  
Diaphanosoma Zeuch t enberg ianum F i s c h e r  
* S i d a  c r y s t a Z Z i n a  ( 0 .  F .  ~ G l l e r )  
* l i t t o r a l  s p e c i e s  
TERRESTRIAL 
The o b j e c t i v e  of t h e  t e r r e s t r i a l  p o r t i o n  of  t h e  N o r t h e r n  
Michigan Environment a 1  Research  Program i s  t o  e v a l u a t e  impact  
o f  s p e c i f i c  l a n d  u s e  p a t t e r n s  on n u t r i e n t  c y c l i n g  i n  t h e  w a t e r -  
s h e d s  of n o r t h e r n  lower Michigan.  Empahsis d u r i n g  t h e  c u r r e n t  
g r a n t  p e r i o d  was f o c u s e d  on n u t r i e n t  c h a r a c t e r i s t i c s  of ground 
w a t e r .  S i n c e  movement o f  n u t r i e n t s  i n  ground w a t e r  l a r g e l y  
depends on s o i l  t y p e s ,  i n i t i a l  e f f o r t s  t o  a n a l y z e  s o i l  c h a r -  
a c t e r i s t i c s  a long  c r i t i c a l  l a k e  s h o r e l i n e s  have begun.  As o u r  
program p r o g r e s s e d  and we i n t e r a c t e d  w i t h  s c i e n t i s t s  of  t h e  
a q u a t i c  and s o c i a l  s e c t i o n  a s  w e l l  a s  t h e  u s e r  community, we 
r e a l i z e d  how i m p o r t a n t  knowledge of  n u t r i e n t  c y c l i n g  i s  t o  
sound l a n d  u s e  d e c i s i o n - m a k i n g  p r o c e s s e s  i n  t h e  a r e a .  I t  
became a p p a r e n t  t h a t  t o  b e s t  i n t e g r a t e  o u r  e f f o r t s  w i t h  t h e  
major  o b j e c t i v e s  of t h e  RANN program a t  t h e  B i o l o g i c a l  S t a t i o n  
and t o  meet t h e  needs  o f  t h e  u s e r  community, t e r r e s t r i a l  r e -  
s e a r c h  must f o c u s  on n u t r i e n t  budge t  c a l c u l a t i o n s  i n  t h e  
v a r i o u s  w a t e r s h e d s  i n  t h e  s t u d y  a r e a .  I n  t h e  f o l l o w i n g  t h r e e  
s e c t i o n s  (ground w a t e r ,  s o i l s  and n u t r i e n t  b u d g e t s )  we d i s c u s s  
o u r  p r o g r e s s  t o  d a t e  and p r e s e n t  some p r e l i m i n a r y  a n a l y s e s  o f  
d a t a .  
GROUND WATER NUTRIENT ANALYSES 
The purpose  of t h i s  p o r t i o n  o f  o u r  program was t o  make 
i n i t i a l  d e t e r m i n a t i o n s  o f  n u t r i e n t  l e v e l s  i n  ground w a t e r  i n  
t h e  I n l a n d  Water Route r e g i o n .  T h i s  work was t h e  f i r s t  s t e p  
toward t h e  l o n g - t e r m  p r o c e s s  o f  m o n i t o r i n g  ground w a t e r  and 
p r o v i d i n g  d a t a  c r i t i c a l  t o  knowledge of  n u t r i e n t  c y c l i n g .  T h i s  
i n f o r m a t i o n  w i l l  s e r v e  as  a  b a s e l i n e  f o r  f u t u r e  r e s e a r c h  and 
w i l l  b e  u s e d  a s  an i n d i c a t o r  o f  n u t r i e n t  o v e r l o a d i n g  of  s p e c i f i c  
s o i l  t y p e s  by  s u r f a c e  l a n d  u s e  a c t i v i t i e s .  
Ground w a t e r  
Da t a  p r e s e n t e d  h e r e  a r e  p r e l i m i n a r y  r e s u l t s  f rom J u n e  
s a m p l e s  o n l y .  J u l y  t h r o u g h  Sep t ember  s a m p l e s  a r e  a n a l y z e d  b u t  
a r e  i n  t h e  p r o c e s s  o f  d a t a  r e d u c t i o n  and a n a l y s e s .  The v a l u e s  
o b t a i n e d  show a  g r e a t  d e a l  o f  v a r i a t i o n  o v e r  t h e  r a n g e  of  w e l l s  
s amp led  ( f i g u r e s  15 t h r o u g h  2 3  1 .  N i t r a t e - n i t r o g e n  (NO3-N) r a n g e s  
f r o m  z e r o  t o  9 , 2 1 9  ~ p b . ~  Ammonium-nitrogen (NI-I -N) shows a  r a n g e  
4 
o f  f r o m  z e r o  t o  1 , 6 9 3  ppb .  T o t a l  d i s s o l v e d  p h o s p h a t e s  (PO4-P) 
r a n g e  f rom z e r o  t o  530 ppb .  D i s s o l v e d  i r o n  (Fe)  goes  f rom z e r o  
t o  3 ,300  p p b .  C h l o r i d e s  ( C l )  r a n g e  f rom z e r o  t o  75 ppm; sod ium 
(Na) f rom 1 . 0  t o  1 2 5 . 0  ppm; p o t a s s i u m  ( K )  f rom 0 . 2  t o  3 . 4  ppm; 
magnesium (Mg) f rom 1 . 2  t o  6 3 . 0  ppm; and  c a l c i u m  (Ca) f rom 2 . 8  
t o  1 2 1 . 0  ppm. 
A l t h o u g h  t h e s e  r a n g e s  a r e  v e r y  w ide  i n  most  c a s e s ,  t h e  
m a j o r i t y  o f  t h e  v a l u e s  f o r  most  o f  t h e  c a t e g o r i e s  f a l l  w i t h i n  
n a r r o w  b o u n d s .  Fo r  i n s t a n c e ,  t h e  m a j o r i t y  o f  t h e  p o t a s s i u m  
v a l u e s  f a l l  b e t w e e n  0 . 5  and 1 . 5  ppm. The g r e a t e s t  i n a j o r i t y  
o f  magnesium v a l u e s  f a l l  be tween  1 5 . 0  and  30 .0  ppm. A l a r g e  
p e r c e n t a g e  o f  t h e  c a l c i u m  v a l u e s  f a l l  b e t w e e n  1 5 . 0  and 4 5 . 0  
ppm, and  mos t  sod ium v a l u e s  f a l l  be low 30 ppm. C h l o r i d e s  
g e n e r a l l y  f a l l  b e t w e e n  z e r o  and 10 ppm, and a l m o s t  a l l  t h e  
p h o s p h a t e s  f a l l  be low 40 ppb .  The n i t r a t e ,  ammonium, and 
i r o n  v a l u e s  v a r y  w i d e l y  o v e r  t h e  r a n g e .  T h i s  was e x p e c t e d  
4 1 , 0 0 0  p a r t s  p e r  b i l l i o n  (ppb)  = 1 , 0 0 0  p g / L  = 1 p a r t  p e r  
m i l l i o n  (pprn) = I mg/R 
Emmet County rq 
Figure 1 5  
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C o n c e n t r a t i o n s  o f  c h l o r i d e  i n  ground w a t e r  d u r i n g  J u n e ,  1 9 7 4  
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Concentrations of nitrate-nitrogen in ground water during 
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Figure 1 9  
C o n c e n t r a t i o n s  o f  sodium i n  ground w a t e r  d u r i n g  J u n e ,  1 9 7 4  
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C o n c e n t r a t i o n s  of  c a l c i u m  i n  ground w a t e r  d u r i n g  J u n e ,  1 9 7 4  
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Figure 21 
Concentrations of magnesium in ground water  during June, 1974 
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Figure 22 
C o n c e n t r a t i o n s  o f  d i s s o l v e d  i r o n  i n  ground  w a t e r  d u r i n g  J u n e ,  1974 
. ' 
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D i s s o l v e d  phosphorus  (PO4) 
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Figu re  2 3  ' 
Concen t r a t i ons  of d i s s o l v e d  p h ~ ~ p h o r u s  i n  ground wa t e r  
dur ing  ~ u n e ,  1974 
o f  i r o n  due  t o  t h e  t y p e  o f  c o n s t r u c t i o n  m a t e r i a l  u s e d  i n  t h e  
p i p e s  and s t o r a g e  t a n k s .  F u r t h e r  a n a l y s e s  on n i t r o g e n  v a l u e s  
a r e  needed  and c u r r e n t l y  i n  p r o g r e s s .  Be fo re  any i n f e r e n c e s  
can  b e  drawn f rom t h e  d a t a ,  i t  i s  n e c e s s a r y  t o  compare t h e  
r a n g e  o f  n u t r i e n t  v a l u e s  found  i n  t h e  s t u d y  a r e a  w i t h  t h e  
s a f e t y  s t a n d a r d s  f o r  d r i n k i n g  w a t e r .  Such a  compar i son  reveals 
t h a t  a l l  v a l u e s  d e t e r m i n e d  i n  J u n e  f o r  Ca,  C 1 ,  PO4-P,  NO3-N, 
K ,  b,lg and  Na ,  d i d  n o t  e x c e e d  h e a l t h  s a f e t y  s t a n d a r d s  ( T a b l e  9). 
The o n l y  n u t r i e n t  t h a t  e x c e e d e d  t h e  recommended World Bank 
(1974)  s a f e t y  l e v e l s  i n  a  few a r e a s  was t h e  NH4-N form o f  
n i t r o g e n .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  U .  S .  Depar tment  of  
l l e a l t h  h a s  n o t  s e t  s p e c i f i c  s t a n d a r d s  f o r  t h e  N H 4 - N  fo rm o f  
n i t r o g e n .  IIowever,  e x c e s s i v e  amounts (10 ppm o f  N O  -N i n  
3 
w a t e r  s u p p l i e s )  have  b e e n  shown t o  b e  h a z a r d o u s  t o  i n f a n t  
h e a l t h  ( U .  S .  Depa r tmen t  o f  H e a l t h  1962)  . 
I n  Cheboygan Coun ty ,  o n l y  1 5  p e r c e n t  o f  t h e  w e l l s  showed 
NO3-N v a l u e s  h i g h e r  t h a n  1 , 0 0 0  ppb ( f i g u r e s  -75 t h r o u g h  2 3  !. 
Most o f  t h e s e  d i d  o c c u r  i n  a r e a s  o f  a c t i v e  o r  abandoned f a r m -  
i n g  and  g r a z i n g :  l lowever ,  no  i m p l i c a t i o n s  can  b e  made a t  
t h i s  t i m e  s i n c e  many o t h e r  w e l l s  i n  t h e s e  a r e a s  d i d  n o t  
r e g i s t e r  h i g h  l e v e l s  o f  N O 3 - N .  N i t r a t e - n i t r o g e n  l e v e l s  n e a r  
I n d i a n  R i v e r ,  an  a r e a  encompass ing  a  v i l l a g e  and an e x t e n s i v e  
m a r s h l a n d ,  we re  m o s t l y  v e r y  low. The few w e l l s  showing h i g h e r  
N O 3 - N  v a l u e s  v a r i e d  c o n s i d e r a b l y  w i t h  r e s p e c t  t o  d e p t h .  
Almost  50  p e r c e n t  o f  t h e  w e l l s  s amp led  i n  Emmet County 
e x h i b i t e d  NO3-N v a l u e s  h i g h e r  t h a n  1 , 0 0 0  p p b .  These  w e l l s  
we re  c o n c e n t r a t e d  i n  t h e  n o r t h  c e n t r a l  p a r t  of t h e  c o u n t y ,  
and n e a r  I-Iarbor S p r i n g s .  I t  i s  o f  i n t e r e s t  t o  note t h a t  some 
A comparison of  t h e  range  o f  n u t r i e n t  v a l u e s  found i n  t h e  June  1974 ground w a t e r  
s u r v e y  i n  n o r t h e r n  lower Michigan w i t h  s a f e t y  s t a n d a r d s  f o r  d r i n k i n g  w a t e r  
Range o f  Values i n  Michigan Maximum c o n c e n t r a t i o n  
Parameter  s t u d y  - J u n e ,  1974 ppm a l lowed  i n  p u b l i c  d r i n k i n g  
w a t e r  ( P r i n k i n g  Water S t a n d a r d s )  
PPm 
NO3-N 
N H ~ - N *  
 PO^-P* ( t o t a l  d i s s o l v e d )  
* 
L i m i t s  f o r  NH -N, PO - P ,  and Ca a r e  from World Bank Repor t  1974.  The r emain ing  S t a n d a r d s  
a r e  from u . ~ s .  ~ e ~ % r t m e n t  of  H e a l t h  1962 
* *  
These h i g h  v a l u e s  a.re s u s p e c t  and may be due t o  t h e  t y p e  o f  p i p e  ( i r o n )  used  i n  sampl ing  , 
+ T a s t e  t h r e s h o l d  o f  c a t i o n  i n  form of  K C 1  and NaCl 
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o f  t h e  d e e p e r  w e l l s  ( o v e r  200 f t .  deep)  i n  t h e  n o r t h e r n  
p a r t s  o f  t h e  coun ty  had  abnormal ly  h i g h  NO3-N l e v e l s  r a n g i n g  
from 3,300 ppb t o  4,400 ppb.  
Our p r e l i m i n a r y  a n a l y s e s  have n o t  r e v e a l e d  any p a t t e r n  b e -  
tween s u b s t r a t e  t y p e  and N O 3 - N  c o n c e n t r a t i o n s .  Wells  d r i l l e d  i n  
l i m e r o c k  u s u a l l y  had  N O 3 - N  v a l u e s  c o n s i d e r a b l y  lower  t h a n  1 ,000  
P P ~  
There  appea red  t o  b e  no p a t t e r n  i n  t h e  ammonium v a l u e s .  
The same was t r u e  f o r  t h e  d i s s o l v e d  i r o n  l e v e l s .  The h i g h e s t  
p h o s p h a t e  r e a d i n g s  came m o s t l y  from n o r t h e r n  Cheboygan County,  
b u t  t h o s e  were  few. There  were some v a r i a t i o n s  i n  t h e  sodium 
and c h l o r i d e  v a l u e s ,  b u t  no s p e c i f i c  p a t t e r n s  emerged w i t h  j u s t  
one  month ' s  d a t a .  An a r e a  o f  s p e c i f i c  i n t e r e s t  t o  t h e  l o c a l  
community was an a r e a  o f  known w e l l  w a t e r  c o n t a m i n a t i o n  from 
a  r o a d  s a l t  s t o c k p i l e  n e a r  I n d i a n  R i v e r .  Our p r e l i m i n a r y  d a t a  
i n d i c a t e s  t h a t  a  s a l t  i n c u r s i o n  i n  t h e  I n d i a n  R i v e r  a q u i f e r  
a t  a b o u t  80 f t .  i s  s t i l l  moving n o r t h e a s t ,  s i n c e  w e l l s  on t h e  
edge  o f  t h a t  i n c u r s i o n  show s i g n i f i c a n t l y  h i g h e r  Na and C 1  
l e v e l s  t h a n  t h e  s u r r o u n d i n g  a r e a .  There  a r e  a l s o  a  few h i g h  
sodium a n d / o r  c h l o r i d e  r e a d i n g s  a t  v a r i o u s  p o i n t s  t h a t  l i e  
a d j a c e n t  t o  ma jo r  paved highways.  
Data  from ground w a t e r  samples  i n d i c a t e  t h a t  t h e r e  e x i s t s  
c o n s i d e r a b l e  v a r i a b i l i t y  i n  n u t r i e n t  l e v e l s .  There  i s  a l s o  
an i n d i c a t i o n  t h a t  w e l l s  i n  Emmet County have  h i g h e r  NO -N v a l u e s  3  
t h a n  t h o s e  i n  Cheboygan County. Higher  c o n c e n t r a t i o n s i n  b o t h  
c o u n t i e s  a r e  m o s t l y  i n  a r e a s  o f  a g r i c u l t u r e  o r  u r b a n i z a t i o n .  
However, immediate  c a u s e  and e f f e c t  c o n c l u s i o n s  s h o u l d  n o t  b e  
i n f e r r e d  s i n c e  w e l l s  e x i s t  i n  t h e s e  a r e a s  ?bhich a r e  low i n  
NO3-N. A l l  r e s i d e n t i a l  w e l l s  t e s t e d  met U.S.  p u b l i c  h e a l t h  
s a f e t y  s t a n d a r d s  d u r i n g  t h e  J u n e  sampl ing  p e r i o d .  
I t  i s  d i f f i c u l t  t o  d e t e r m i n e  any d i r e c t  r e l a t i o n s h i p s  
between s u r f a c e  l a n d - u s e  a c t i v i t i e s  and ground w a t e r  q u a l i t y  i n  
t h e  s t u d y  a r e a  a t  t h i s  t i m e .  I n f o r m a t i o n  on ground w a t e r  f l o w  
p a t t e r n s  i s  c r i t i c a l l y  needed and w i l l  b e  a n a l y z e d  d u r i n g  t h e  
n e x t  phase  o f  t h e  p r o j e c t .  Not much i s  known abou t  s o i l  p e r -  
m e a b i l i t y  and p e r c o l a t , i o n  r a t e s  i n  d i f f e r e n t  a r e a s .  Many o f  
t h e s e  w e l l s  p e n e t r a t e  th rough  c l a y  s t r a t a ,  which i n d i c a t e s  t h a t  
p e r c o l a t i o n  i n t o  t h e  w a t e r  t a b l e  o r  i n t o  a q u i f e r s  f rom t h e  s u r -  
f a c e  may be  i n h i b i t e d .  For i n s t a n c e ,  w a t e r  t e s t e d  from a  w e l l  
2 3 9  f e e t  deep i n  Cheboygan County showed low v a l u e s  f o r  a l l  
p a r a m e t e r s  t e s t e d  i n c l u d i n g  NO3-N ( 1 . 5  ppb) even though t h i s  
w e l l  i s  i n  t h e  b a r n y a r d  on an a c t i v e  c a t t l e  r a n c h  which h a s  
been  i n  o p e r a t i o n  s i n c e  abou t  1870.  
Values  f o r  Mg and Ca g e n e r a l l y  a r e  h i g h  and many w e l l  
owners d i d ,  i n d e e d ,  speak  o f  h a r d  w a t e r .  T h i s  would b e  e x p e c t e d  
from ground w a t e r  o r i g i n a t i n g  i n  g l a c i a l  t i l l  which i n c l u d e s  
a  h i g h  d e g r e e  o f  c a l c a r e o u s  m a t e r i a l .  
Data  from t h e  o t h e r  sampl ing  p e r i o d s  undoub ted ly  w i l l  
augment some o f  t h e  t e n t a t i v e  p a t t e r n s  d e r i v e d  from one month ' s  
d a t a ,  a s  w e l l  a s  d e l i n e a t e  o t h e r  p a t t e r n s  f o r  n u t r i e n t s  i n  t h e  
ground w a t e r  o f  t h e  s t u d y  a r e a .  When more d a t a  i s  a n a l y z e d ,  a  
f i r m e r  b a s e l i n e  f o r  ground w a t e r  n u t r i e n t  v a l u e s  can  be  e s t a b -  
l i s h e d .  From t h i s  b a s e ,  f u t u r e  o b s e r v a t i o n s  can  b e  made t o  
d e t e c t  i n c r e a s e s  o r  d e c r e a s e s  from b a s e  l e v e l ,  and t o  c o r r e l a t e  
t h e s e  changes w i t h  changes i n  t h e  l a n d  and w a t e r  u s e  p a t t e r n s  
i n  t h e  r e g i o n .  I n  a d d i t i o n ,  compar isons  o f  a v e r a g e  v a l u e s  can  
be made w i t h  t h o s e  a l r e q d y  moni to red  i n  t h e  l a k e  w a t e r s  by t h e  
a q u a t i c  s e c t i o n  o f  t h e  p r o j e c t .  
Our p r o g r e s s  t o  d a t e  i n  ground w a t e r  sampl ing  i n  Emmet 
and Cheboygan C o u n t i e s  i s  mere ly  a  f i r s t  s t e p .  I t  s h o u l d ,  
however ,  p r o v i d e  a  b a s e  f o r  f u r t h e r  r e s e a r c h ,  b o t h  i n  s t u d y i n g  
t h e  ground w a t e r  i t s e l f ,  and i n  s t u d y i n g  ways i n  which changes 
i n  t h e  ground w a t e r  may r e f l e c t  changes i n  l a n d  u s e  p a t t e r n s .  
T h i s  i n f o r m a t i o n  may p r o v i d e  e a r l y  i n d i c a t o r s  o f  problems 
a r i s i n g  from o v e r l o a d i n g  t h e  c a p a c i t y  o f  t h e  l a n d  and c e r t a i n  
t y p e s  and i n t e n s i v e n e s s  o f  l a n d  useage .  
LAKE SHORELINE SOILS 
S o i l s  s e r v e  a s  r e s e r v o i r s ,  c h a n n e l s  and f i l t e r s  f o r  p r e -  
c i p i t a t i o n  which e n t e r s  s t r e a m s ,  l a k e s  and ground w a t e r  a q u i f e r s .  
Dur ing  some r a i n s t o r m s  and c o n d i t i o n s  o f  r a p i d  snowmelt ,  and a s  
r e s u l t s  o f  d i s t u r b a n c e s  and i n t e n s i v e  l a n d  u s e ,  s o i l s  c o n t r i b u t e  
l a r g e  q u a n t i t i e s  o f  suspended  s o l i d s  and d i s s o l v e d  s u b s t a n c e s  
t o  w a t e r  moving o v e r  and th rough  them. A s  t h e  r o o t i n g  media 
f o r  n a t u r a l l y - o c c u r r i n g  and man-p lan ted  v e g e t a t i o n ,  and a s  
t h e  r e c i p i e n t s  o f  a  l a r g e  v a r i e t y  o f  h o u s e h o l d ,  u r b a n ,  i n -  
d u s t r i a l  and a g r i c u l t u r a l  w a s t e s ,  s o i l s  a c t  a s  chemica l  r e -  
a c t o r s  and l i v i n g  f i l t e r s .  Water p a s s e s  th rough  them and 
i n t e r a c t s  w i t h  r o o t s ,  w a s t e s  and b y - p r o d u c t s  o f  s o i l ,  and 
c h e m i c a l  and b i o l o g i c a l  p r o c e s s e s .  These p r o c e s s e s  d i c t a t e  t h a t  
any e v a l u a t i o n s  o f  r e l a t i o n s h i p s  between l a n d  u s e  a.nd l a k e  
w a t e r  q u a l i t y  must i n c l u d e  c o n s i d e r a t i o n s  o f  s o i l  p r o p e r t i e s  
w i t h i n  w a t e r s h e d s ,  e s p e c i a l l y  a l o n g  s t r e a m  banks and s h o r e l i n e s .  
A s  a  f i r s t  s t e p  i n  p r o v i d i n g  s o i l s  i n f o r m a t i o n  f o r  t h i s  i n -  
v e s t i g a t i o n ,  we have deve loped  a  framework f o r  compi l ing  e x i s t -  
i n g  d a t a  f o r  s o i l s  a d j a c e n t  t o  t h e  l a k e s  o f  t h e  s t u d y  a r e a .  
T h i s  framework p e r m i t s  m o d i f i c a t i o n  and a d d i t i o n  o f  d a t a  f o r  
i n d i v i d u a l  s o i l . u n i t s  a s  such  d a t a  i s  a c c r u e d  t h r o u g h  f i e l d  
and l a b o r a t o r y  i n v e s t i g a t i o n s .  
I n f o r m a t i o n  s o u r c e s  and c o m p i l a t i o n  
B a s i c  maps and i n f o r m a t i o n  f o r  s o i l s  o f  Cheboygan and 
Emmet Coun t i e s  a r e  c o n t a i n e d  i n  s o i l  s u r v e y  r e p o r t s  ( F o s t e r  
e t  a l .  1939 f o r  Cheboygan; A l f r e d  e t  a l .  1973 f o r  Emmet - - - -
County) .  A d d i t i o n a l  d e t a i l e d  s o i l  maps f o r  some s e c t i o n s  o f  
each  coun ty  a r e  c o n t a i n e d  on a e r i a l  pho tos  on f i l e  i n  coun ty  
o f f i c e s  o f  t h e  U .  S.  S o i l  C o n s e r v a t i o n  S e r v i c e  (S. C .  S ) .  
The i n i t i a l  p r o c e s s e s  o f  d e l i n e a t i n g  s o i l s  a l o n g  l a k e -  
s h o r e s  and e s t i m a t i n g  t h e  l e n g t h  and p r o p o r t i o n  o f  each  
s h o r e l i n e  occup ied  by i n d i v i d u a l  s o i l  t y p e s  was begun by Mazur 
(1973) ,  who compi led  d a t a  f o r  f o u r t e e n  l a k e s  i n  Cheboygan 
and seven  l a k e s  i n  Emmet County. Mazur used  t h e  1939 
Cheboygan County S o i l  Survey Repor t  and advanced f i e l d  s h e e t s  
f o r  t h e  Emrnet County s u r v e y .  T h i s  i n f o r m a t i o n  f o r  Cheboygan 
County i s  b e i n g  c o n v e r t e d  t o  make t h e  1939 i n f o r m a t i o n  com- 
p a r a b l e  w i t h  c u r r e n t  s o i l  s e r i e s  d e s i g n a t i o n s .  A d d i t i o n a l  
u p - d a t e d  i n f o r m a t i o n  and d a t a  n o t  compi led  by Mazur i s  b e i n g  
o b t a i n e d  from t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  pho to  f i l e s  and 
S o i l  s u r v e y  r e p o r t s .  
S o i l s  i n t e r p r e t a t i o n s  s h e e t s  from S.  C .  S .  f o r  each  s o i l  
s e r i e s  p r o v i d e  g e n e r a l  h o r i z o n  c h a r a c t e r i s t i c s  and p h y s i c a l  
and chemica l  p r o p e r t i e s  which r e l a t e  t o  l a n d  u s e .  A d d i t i o n a l  
d a t a  on t h e  s u i t a b i l i t i e s  of  t h e  s o i l s  a s  w a s t e  d i s p o s a l  s i t e s  
a r e  c o n t a i n e d  i n  r e p o r t s  by E l l i s  and E r i c k s o n  (1969) and 
S c h n e i d e r  and E r i c k s o n  (1972) .  
Pertinent data for shoreline soils are being compiled in 
a format for punching on 80-column computer data cards. The 
intent is to provide data which can be statistically correlated 
by multiple regression or other techniques with land use, lake 
water quality and well log data being compiled in other phases 
of this study. The plan for data type and format is outlined 
in Table 10. The framework and compilation of data in com- 
puter-compatible form will provide a flexible basis for in- 
tegration and correlation of existing soils data with other 
land and water information. It also permits addition of more 
data as it becomes available. 
Current and Future Work 
Existing data are being compiled on the form described. 
Additional delineation of soils series for lakes not included 
by Mazur will be made. The completion of this work during 
the current grant period will provide basic soil information 
for use by other segments of the study and by planning per- 
sonnel in Cheboygan and Emmet counties. 
The logical-next phase of this work is to plan for the 
correlation of soils data with data on land use patterns and 
lake water quality. Such correlations will be the basis for 
hypotheses regarding interactions between land uses and soils 
as they influence lake water quality. Testing of hypotheses 
advanced will, of necessity, be initially constrained to 
detailed considerations of alternative pathways for the 
functioning of feasible cause and effect relationships; e.g. 
phosphate sources in land use around a given lake, phosphate 
sorption potentials of lakeshore soils and phosphate concentrations 
TABLE 10 D e s c r i p t i o n  and format  o f  s o i l s  d a t a  t o  b e  punched 
o n t o  computer c a r d s .  Two o r  more c a r d s  w i l l  b e  used  
f o r  each  s h o r e l i n e  s e r i e s .  
Column 
Number ( s )  
CARD 1 
I tem d e s c r i p t i o n ,  fo rma t  and d a t a  s o u r c e  
County Number: 1 = Cheboygan 2 = Emmet 
Lake d e s i g n a t i o n :  00 (As d e s i g n a t e d  i n  Appendix A) 
S o i l  S e r i e s  and S l o p e  Code: 00000 ( S o i l  Survey  
Legend f o r  Michigan ,  J a n .  1969 ,  and S o i l  Survey  
Repor t s )  
S h o r e l i n e  l e n g t h ,  i n  m i l e s :  00.0 (Mazur,  1973 
and supplement)  
P e r c e n t  o f  t o t a l  s h o r e l i n e  occup ied  by s o i l  t y p e :  
00 .0  (Mazur, 1973 and supplement)  
Th ickness  i n  i n c h e s ,  f o r  e a c h  s o i l  h o r i z o n ,  
p r o v i s i o n  made f o r  6 h o r i z o n s :  00 (SCS I n t e r -  
p r e t a t i o n s  and S o i l  S e r i e s  D e s c r i p t i o n s  s h e e t s )  
SCS t e x t u r e  (coded)  f o r  e a c h  h o r i z o n :  00 
P e r m e a b i l i t y  r ange  i n  i n c h e s / h o u r  and m i n u t e s /  
i n c h ,  f o r  each  of  t h e  t o p  3 h o r i z o n s  : 00.0  (SCS) 
pH (ave rage  o f  r ange  g iven)  f o r  e a c h  o f  t h e  t o p  
3  h o r i z o n s :  0 . 0  (SCS) 
A v a i l a b l e  f o r  a d d i t i o n a l  i d e n t i f i c a t i o n  
( c o n t i n u e d )  
CARD 2 
1 - 9  
1 0 - 1 3  
I t em d e s c r i p t i o n ,  fo rma t  and d a t a  s o u r c e  
I d e n t i f i c a t i o n  a s  on columns 1 - 9  of  Card 1 
Phospha te  (PO4=) s o p r t i o n  c a p a c i t y  i n  pounds/ 
a c r e  6" t h i c k n e s s ;  midpo in t  o f  r ange  s p e c i f i e d :  
0000. ( S c h n e i d e r  and E r i c k s o n ,  1972) 
L i m i t a t i o n s  (coded f o r :  none ,  s l i g h t ,  m o d e r a t e ,  
s e v e r e ,  v e r y  s e v e r e )  and s u i t a b i l i t i e s  (coded 
f o r :  n o t  s u i t a b l e ,  v e r y  p o o r ,  p o o r ,  f a i r ,  
f a i r  t o  good,  good) f o r  u s e  of s o i l s  f o r  
s e p t i c  s y s t e m s ,  c o t t a g e s ,  p i c n i c  a r e a s ,  camp- 
s i t e s ,  - e t c .  A l s o ,  p e r m e a b i l i t y ,  pH and PO4 
s o r p t i o n  d a t a  f o r  a d d i t i o n a l  h o r i z o n s  
i n  t h e  l a k e  w a t e r .  Complex i t i e s  of  p o s s i b l e  ground w a t e r  con-  
t r i b u t i o n s  and l a k e  sed imen t  c h e m i s t r y  a r e  r e c o g n i z e d  a s  
t y p i c a l  o f  a d d i t i o n a l  n e c e s s a r y  c o n s i d e r a t i o n s  i n  r e a c h i n g  
c o n c l u s i o n s  r e g a r d i n g  l a n d - w a t e r  i n t e r a c t i o n s .  
Rigorous  t e s t i n g  o f  h y p o t h e s e s  w i l l  be dependent  on 
a v a i l a b i l i t y  o f  e x i s t i n g  " c o n t r o l "  and " t r e a t m e n t "  s i t u a t i o n s  
i n  t h e  s t u d y  a r e a  and on f u t u r e  r e s e a r c h .  An a l t e r n a t i v e  
approach  w i l l  be t o  u t i l i z e  s i m u l a t i o n  models b e i n g  deve loped  
i n  I n t e r n a t i o n a l  B i o l o g i c a l  Programme ( I .  B .  P) r e s e a r c h  t o  
examine w a t e r s h e d s  o f  o u r  s t u d y  a r e a .  The r e s u l t s  o f  t h i s  
p o r t i o n  o f  o u r  s t u d y  a r e  t h e  f i r s t  s t e p  i n  p r e p a r i n g  t o  
a p p l y  t h e  I .  B .  P .  models a s  t h e y  become a v a i l a b l e .  
A PRELIMINARY NITROGEN AND PHOSPHORUS BUDGET 
FOR SELECTED WATERSHEDS 
Almost e v e r y  form o f  human a c t i v i t y  h a s  t h e  e f f e c t  o f  i n -  
c r e a s i n g  t h e  amounts o f  n u t r i e n t s  e n t e r i n g  ground and s u r f a c e  
w a t e r s .  The impor tance  o f  n u t r i e n t  b u d g e t s  c a n n o t  be  o v e r s t a t e d .  
Without  a  knowledge o f  which n u t r i e n t  s o u r c e s  c o n t r i b u t e  s i g n i f -  
i c a n t l y  t o  t h e  sys t em and which do n o t ,  i t  i s  i m p o s s i b l e  t o  d e -  
t e r m i n e  which s o u r c e s  need  t o  be  r e g u l a t e d  i n  o r d e r  t o  m a i n t a i n  
good q u a l i t y  s u r f a c e  and ground w a t e r .  
The purpose  o f  t h i s  phase  o f  t h e  t e r r e s t r i a l  r e s e a r c h  of 
t h e  Nor the rn  Michigan Envi ronmenta l  Resea rch  P r o j e c t  was t o  
make an i n i t i a l  c o n t r i b u t i o n  toward d e v e l o p i n g  n i t r o g e n  ( N )  and 
phosphorus  ( P )  b u d g e t s  f o r  many o f  t h e  l a k e s  s t u d i e d  by t h e  
a q u a t i c  s e c t i o n s  i n  Emmet and Cheboygan C o u n t i e s ,  and t o  p o i n t  
o u t  i n f o r m a t i o n  gaps t h a t  w i l l  have t o  be  f i l l e d  b e f o r e  comple te  
budge t s  a r e  t o  be  c a l c u l a t e d  i n  t h e  n e x t  p h a s e  o f  t h e  p r o j e c t .  
I t  i s  w e l l  known t h a t  man's  a c t i v i t i e s  g r e a t l y  i n f l u e n c e  
w a t e r  q u a l i t y  i n  t h e  ecosys tem.  A g r i c u l t u r a l  a c t i v i t y  c a u s e s  
i n c r e a s e d  e r o s i o n  o f  s o i l  l e f t  u n p r o t e c t e d  by p l a n t  c o v e r .  The 
e r o d e d  s o i l  c o n t a i n s  n u t r i e n t s  which may end up i n  s u r f a c e  wa- 
t e r s .  F e r t i l i z e r s  a p p l i e d  t o  t h e  l a n d  i n  e x c e s s  of amounts 
t a k e n  up by t h e  h a r v e s t e d  c r o p  can  l e a c h  th rough  t h e  s o i l  i n -  
t o  t h e  ground w a t e r ,  and e v e n t u a l l y  i n t o  s u r f a c e  w a t e r .  L ive -  
s t o c k  o p e r a t i o n s  p r o d u c e ,  a s  a  b y - p r o d u c t ,  l a r g e  amounts o f  
manure which must  b e  d i s p o s e d  o f .  Year- round manure d i s p o s a l  
by l a n d  s p r e a d i n g  r e s u l t s  i n  manure b e i n g  a p p l i e d  t o  f r o z e n  
s o i l .  S i n c e  such  s p r e a d  c a n n o t  b e  abso rbed  i n t o  f r o z e n  ground,  
w i n t e r  r a i n s ,  and s p r i n g  snow m e l t  washes i t  i n t o  n e a r b y  w a t e r  
ways. 
U r b a n i z a t i o n  i s  a  v e r y  s i g n i f i c a n t  s o u r c e  o f  n u t r i e n t  i n -  
p u t  t o  s u r f a c e  w a t e r .  The e x c r e t o r y  p r o d u c t s  of  a  l a r g e  number 
o f  p e o p l e  i n  a  r e l a t i v e l y  s m a l l  a r e a  l e a d s  t o  a  d i s p o s a l  p r o b -  
lem and commonly r e s u l t s  i n  n u t r i e n t  w a t e r  p o l l u t i o n .  E f f l u e n t  
f rom sewage t r e a t m e n t  p l a n t s  i s  g e n e r a l l y  dumped d i r e c t l y  i n t o  
a  n e a r b y  l a k e  o r  s t r e a m  w i t h  p r e d i c t a b l e  d e g r a d a t i o n  o f  w a t e r  
q u a l i t y .  I n  unsewered a r e a s ,  d r a i n a g e  from s e p t i c  t a n k s  can  
c o n t a m i n a t e  ground w a t e r  w i t h  n u t r i e n t s ,  p a r t i c u l a r l y  n i t r a t e s ,  
which can  t h e n  f i n d  t h e i r  way i n t o  s u r f a c e  w a t e r s .  Urban 
s t o r m  s e w e r s  c o n t r i b u t e  a g r e a t e r  n u t r i e n t  l o a d  t h a n  i s  g e n e r -  
a l l y  b e l i e v e d .  Large  p e r c e n t a g e s  o f  u rban  a r e a s  a r e  paved and ,  
c o n s e q u e n t l y ,  imperv ious .  The n u t r i e n t s  c o n t a i n e d  i n  t h e  r a i n  
f a l l i n g  o n t o  r o o f  t o p s ,  s i d e w a l k s ,  s t r e e t s ,  and p a r k i n g  l o t s ,  
a s  w e l l  a s  t h e  n u t r i e n t s  c o n t a i n e d  i n  t h e  m a t e r i a l s  found i n  
t h e s e  p l a c e s ,  i . e .  d u s t ,  l e a v e s ,  e t c .  wash d i r e c t l y  i n t o  s t o r m  
s e w e r s ,  and i n t o  s u r f a c e  w a t e r s .  Lush g r e e n  lawns a r e  r e -  
q u e n t l y  t h e  r e s u l t  o f  o v e r f e r t i l i z a t i o n ,  t h e  e x c e s s  l e a c h i n g  
i n t o  ground w a t e r ,  s t r e a m s  a n d / o r  l a k e s .  
R e c r e a t i o n  can  a l s o  be a  s i g n i f i c a n t  c o n t r i b u t i o n  o f  nu- 
t r i e n t s .  Dra inage  from t h e  s e p t i c  t a n k s  o f  l a k e  and s t r e a m  r e -  
s o r t  homes may be  t h e  most prominent  en r i chmen t  s o u r c e  f o r  many 
w a t e r s ,  p a r t i c u l a r l y  i n  s m a l l ,  h i g h l y  developed l a k e s .  B e s i d e s  
r e s i d e n c e s ,  commercial  e s t a b l i s h m e n t s  such  a s  l a k e s i d e  mote l s ;  
h o t e l s ,  r e n t a l  c a b i n s ,  s k i  l o d g e s ,  e t c .  a r e  a l s o  s e r v e d  by s e p -  
t i c  t a n k s ,  w i t h  t h e  same r e s u l t s .  Even seeming ly  innocuous  
p a s t i m e s  such  a s  h i k i n g ,  camping and canoe p o r t a g i n g  can  o f t e n  
c a u s e  t h e  e r o s i o n  of  n u t r i e n t  r i c h  l a k e  and s t r e a m  bank s o i l  
i n t o  t h e s e  w a t e r s .  
The impor tance  o f  any i n d i v i d u a l  n u t r i e n t  s o u r c e  t o  a  
l a k e  canno t  be  a s s e s s e d  e x c e p t  i n  l i g h t  of  a  r e l a t i v e l y  comple te  
n u t r i e n t  budget  which i n c l u d e s  an e v a l u a t i o n  o f  l a n d  u s e ,  i n  t h e  
l a k e ' s  w a t e r s h e d .  The f o l l o w i n g  s e c t i o n s  g i v e  o u r  p r e l i m i n a r y  
e s t i m a t e s  o f  n u t r i e n t  l o a d i n g  f o r  a  group of  s e l e c t e d  l a k e s  
i n  Nor the rn  Lower Michigan.  
N u t r i e n t  I npu t  & P r e c i p i t a t i o n  
P r e c i p i t a t i o n  and d r y  f a l l  o n t o  w a t e r  s u r f a c e  can  c o n t r i -  
b u t e  s i g n i f i c a n t  amounts o f  N and P t o  l a k e s .  To e s t i m a t e  t h e  
s i g n i f i c a n c e  o f  t h i s  s o u r c e  r e q u i r e s  a c c u r a t e  measurements o f  
n u t r i e n t s  i n  r a i n ,  snow, and d u s t  f a l l .  The tremendous v a r i a -  
t i o n  from one l o c a t i o n  t o  a n o t h e r ,  due t o  t h e  e f f e c t s  o f  u r b a n  
a r e a s ,  i n d u s t r y ,  a g r i c u l t u r e ,  e t c .  (Chapin and Ut to rmark  1973) 
makes e x t r a p o l a t i o n  o f  d a t a  from one s i t e  t o  a n o t h e r  q u i t e  d i f -  
f i c u l t .  Sampling o f  p r e c i p i t a t i o n  and d r y  f a l l  i n  t h e  Emmet- 
Cheboygan C o u n t i e s  a r e a  i s  now b e i n g  de te rmined  on an annua l  
b a s i s  and w i l l  b e  used  i n  r e f i n e m e n t  o f  f u t u r e  b u d g e t s .  
According  t o  a  c a r t o g r a p h i c  r e p r e s e n t a t i o n  o f  d a t a  from 
6 0  s i t e s  a c r o s s  t h e  Uni t ed  S t a t e s  ( Junge ,  1 9 5 8 ) ,  t h e  Emmet- 
Cheboygan County a r e a  r e c e i v e s  abou t  2.0 k g / h a / y e a r  o f  i n o r g a n i c  
n i t r o g e n .  However, t h i s  e s t i m a t e  does  n o t  i n c l u d e  d r y  f a l l  con-  
t r i b u t i o n s  and ,  due t o  sampl ing  p r o c e d u r e s ,  may a l s o  e x c l u d e  
t h e  f i r s t  few m i n u t e s  o f  some p r e c i p i t a t i o n  e v e n t s ,  a  t ime  
d u r i n g  which i n o r g a n i c  N c o n c e n t r a t i o n s  a r e  h i g h e s t  (Gambell 
and F i s h e r ,  1964) .  Consequen t ly ,  Chapin and Ut tormark  (1973) 
f e e l  t h e  J u n g e ' s  e s t i m a t e  may b e  t h r e e  t o  f o u r  t i m e s  t o o  low. 
P r e c i p i t a t i o n  p l u s  d u s t  f a l l  i n  r u r a l  wes t  c e n t r a l  Wis- 
c o n s i n  c o n t r i b u t e d  a b o u t  5 . 6  k g / h a / y r  o f  i n o r g a n i c  N (Hoef t  
e t  a l .  1972) .  . Pecor  e t  a d , ( 1 9 7 3 )  c a l c u l a t e d  a  l o a d i n g  o f  -- -- 
4 . 5  k g / h a / y r  f rom p r e c i p i t a t i o n  o n t o  Houghton Lake, Michigan.  
I t  i s  n o t  c l e a r  f rom t h e  a u t h o r s '  d e s c r i p t i o n  o f  t h e i r  e x p e r -  
i m e n t a l  p r o c e d u r e  how much d r y  f a l l  was i n c l u d e d  i n  t h e i r  
p r e c i p i t a t i o n  samples .  
Da ta  from Wisconsin ( K l u e s e n e r ,  1972;  Hoef t  e t  a l .  1972) --
i n d i c a t e s  t h a t  ; r g a n i c  N l o a d i n g s  from p r e c i p i t a t i o n  and d r y  
f a l l  a r e  a b o u t  e q u a l  t o  i n o r g a n i c  N l o a d i n g s .  For  t h e  purposes  
o f  an i n i t i a l  e s t i m a t e  o f  N and P l o a d i n g s  i n t o  29 o f  t h e  l a k e s  
i n  t h e  s t u d y  a r e a ,  a  f a i r l y  c o n s e r v a t i v e  5 . 3  k g / h a / y r  o f  i n -  
o r g a n i c  N and a  s i m i l a r  amount o f  o r g a n i c  N i s  assumed. I t  
i s  a l s o  assumed t h a t  abou t  50  p e r c e n t  o f  t h i s  o r g a n i c  N w i l l  
b e  a v a i l a b l e  f o r  u p t a k e  by a q u a t i c  p l a n t s .  Consequen t ly ,  a  
t o t a l  o f  7 . 9  k g / h a / y r  of  a v a i l a b l e  N i s  e s t i m a t e d  t o  f a l l  on 
t h e  l a k e  s u r f a c e s  from p r e c i p i t a t i o n  and d r y  f a l l .  
There  i s  l i m i t e d  d a t a  i n  t h e  l i t e r a t u r e  f o r  a t m o s p h e r i c  
P  c o n t r i b u t i o n s .  Pecor  -- e t  a l . (1973) c a l c u l a t e d  t h a t  p r e c i p -  
i t a t i o n  added 0 .18  k g / h a / y r  o f  t o t a l  P t o  Houghton Lake. 
Kluesener  (1972) e s t i m a t e d  0 .25  k g / h a / y r  e n t e r e d  Lake Wingra,  
Wisconsin from t h i s  s o u r c e .  I n  a d d i t i o n ,  K luesene r  r e p o r t e d  
t h a t  d r y  f a l l  c o n t r i b u t e d  an a d d i t i o n a l  0 .78  k g / h a / y r  o f  t o t a l  
P .  I t  i s  n o t  known how much of  t h i s  P  i s  a v a i l a b l e  f o r  p l a n t  
growth .  Much of  t h e  P  i n  p r e c i p i t a t i o n  and d r y  f a l l  comes 
from d u s t  g e n e r a t e d  o v e r  l a n d  s u r f a c e s  (Chapin and Ut tormark  
1 9 7 3 ) ,  and i s  u n a v a i l a b l e  f o r  u p t a k e  by p l a n t s  i n  t h i s  form.  
For t h e  purposes  o f  t h i s  i n i t i a l  e s t i m a t e ,  i t  i s  assumed 
t h a t  abou t  0 . 3 5  k g / h a / y r  o f  a v a i l a b l e  P  f a l l s  on t h e  s u r f a c e s  
of  t h e  l a k e s  i n  Emrnet and Cheboygan C o u n t i e s  i n  p r e c i p i t a t i o n  
and d r y  f a l l .  Based upon t h e s e  d a t a ,  p r e l i m i n a r y  e s t i m a t e s  
o f  N and P  l o a d i n g s  from p r e c i p i t a t i o n  a r e  l i s t e d  i n  T a b l e  11. 
A s e r i e s  o f  p r e c i p i t a t i o n  s t a t i o n s  have been  e s t a b l i s h e d  i n  
Emmet and Cheboygan Coun t i e s  t o  p r o v i d e  a  more a c c u r a t e  e s t i -  
mate o f  n u t r i e n t  i n p u t s  i n  t h e  w a t e r s h e d  a r e a s  d u r i n g  t h e  n e x t  
phase  o f  t h e  p r o j e c t .  
N u t r i e n t  I n p u t  by  St ream Dra inage  
There  i s  a  p a u c i t y  o f  w a t e r  q u a l i t y  and f l o w  d a t a  f o r  t h e  
Nor the rn  Lower Michigan a r e a .  Data  f o r  f i v e  r e p r e s e n t a t i v e  
s t r e a m s  i n  t h e  s t u d y  a r e a  were p r o v i d e d  by t h e  Michigan Wa- 
t e r  Resources  Commission. The s t r e a m s  were n o t  i n f l u e n c e d  
by any major  m u n i c i p a l  o r  i n d u s t r i a l  e f f l u e n t  d i s c h a r g e .  T h i s  
d a t a  was used  t o  c a l c u l a t e  t h e  c o n t r i b u t i o n s  of  s o l u b l e  i n o r g a n i c  
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TABLE 11 A V A I L A B L E  N AND P  P R E C I P I T A T I O N  AND DRY FALL FOR 
SELECTED LAKES I N  NORTHERN LOWER M I C H I G A N  
Lakes 
Arnot  t 
Black  




Deve r e  aux 
Do g 
Douglas 
French  Farm 
Hoop 
Larks  
L a n c a s t e r  
Lance 
Long 
Mud Lake Bog 
M u l l e t t  
Munro 
0 s mun 
P i c k e r e l  
Robe r t s  
Round 
S i l v e r ,  Wilmot Twp. 
S i l v e r ,  Koehler  Twp. 
Twin Lakes 




S u r f a c e  a r e a  (ha )  
9 . 4  
4052  
6 8 4 8  
7 6 0 
11 
9 6 0  
a v s l  ab 1 e  
kg a v a i l a b l e  N/year  P / y e a r  
P ,  t o t a l  P ,  i n o r g a n i c  N and o r g a n i c  N from s t r e a m s  i n t o  t h e  
l a k e s .  
The amount o f  P a v a i l a b l e  from r u n - o f f  f o r  a q u a t i c  p l a n t  
u p t a k e  l i e s  between t h e  v a l u e s  f o r  s o l u b l e  o r t h o - P  and t o t a l  
P  (Lee 1973) .  The a v e r a g e  s o l u b l e  o r t h o - P  and t o t a l  P  l o a d i n g s  
from t h e  f i v e  a r e a  r i v e r s  was e s t i m a t e d  t o  b e  0.02 and 
0 . 0 7  k g / h a / y r ,  r e s p e c t i v e l y .  A mean v a l u e  o f  0 .05  k g / h a / y r  o f  
" a v a i l a b l e "  P was e s t i m a t e d  t o  be  c o n t r i b u t e d  from u n d i s t u r b e d  
w a t e r s h e d s  d r a i n i n g  i n t o  l a k e s  i n  Emmet and Cheboygan C o u n t i e s .  
I n o r g a n i c  and o r g a n i c  n i t r o g e n  i n p u t s  were c a l c u l a t e d  t o  
be 0 . 4 3  and 0 .80  k g / h a / y r .  A l l  o f  t h e  i n o r g a n i c  N ,  and 50 p e r -  
c e n t  o f  t h e  o r g a n i c  N was assumed t o  be  a v a i l a b l e ,  g i v i n g  an 
e s t i m a t e d  t o t a l  o f  0 . 8 3  k g / h a / y r  o f  " a v a i l a b l e "  N f rom t h e s e  
w a t e r s h e d s .  
A s  a  compar i son ,  t h e  amount o f  N and P  c o n t r i b u t e d  t o  
Houghton Lake,  Michigan from i n f l o w i n g  s t r e a m s  was 0 . 4 0 ,  0 .74  
and 0 .04  k g / h a / y r  o f  i n o r g a n i c  N ,  o r g a n i c  n i t r o g e n  and t o t a l  
P ,  r e s p e c t i v e l y  (Pecor  -- e t  a l . 1 9 7 3 ) .  
The w a t e r s h e d  a r e a s  coup led  w i t h  N and P  l o a d i n g s  f o r  
29 l a k e s  i n  t h e  s t u d y  a r e a  a r e  g i v e n  i n  T a b l e  1 2 .  While t h e  
l a n d  u s e  p a t t e r n s  i n  t h e  d r a i n a g e  a r e a  of  t h e  l a k e s  under  con-  
s i d e r a t i o n  a r e  g e n e r a l l y  q u i t e  s i m i l a r ,  l o c a l  v a r i a t i o n s  due 
t o  i n t e n s i v e  l i v e s t o c k  p r o d u c t i o n ,  h e a v i l y  f e r t i l i z e d  o r c h a r d s ,  
e r o s i o n  and m u n i c i p a l  e f f l u e n t  d i s p o s a l ,  e t c .  c o u l d  p roduce  
n u t r i e n t - i n p u t  o f  a  much h i g h e r  magni tude .  A r e f i n e m e n t  w i l l  
be  made o f  o u r  n u t r i e n t  l o a d i n g  e s t i m a t e s  i n  t h e  n e x t  p h a s e  o f  
t h e  p r o j e c t .  We w i l l  t a k e  i n t o  accoun t  l o c a l  v a r i a t i o n s  and 
l a n d  u s e  p a t t e r n s .  Examples o f  d i f f e r e n t  i n p u t  v a l u e s  t h a t  
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TABLE 12 E S T I M A T E D  N AND P L O A D I N G S  FOR LAKES FROM WATERSHEDS I N  
EMMET AND CHEBOYGAN COUNTIES,  M I C H I G A N  
Immediate A v a i l a b l e  
Watershed  (ha)  
A v a i l a b l e  
P l o a d i n g  Lakes 
Arno t t 
Black 
Bur t  
Carp 





French  barm 
Hoop 
Larks  
L a n c a s t e r  
L an ce 
Long 
Mud Lake Bog 
M u l l e t t  
Munro 
0 s  mun 
P i c k e r e l  
Rober t s  
Round 
S i l v e r ,  Wilmot T w p .  
S i v e r ,  Koehler  Twp.  
Twin Lakes 
Vincen t  
Walloon 
Weber 
Wv c  am^ 
might  be  e x p e c t e d  from v a r i o u s  l a n d  u s e s  a r e  p r e s e n t e d  i n  
T a b l e  1 5 .  T h i s  d a t a ,  i n  l i e u  o f  a c t u a l  measurements o f  a l l  
s o u r c e s  o f  n u t r i e n t s ,  a l o n g  w i t h  a  knowledge o f  t h e  l a k e ' s  
d r a i n a g e  b a s i n  s i z e ,  p o p u l a t i o n s ,  s t r e a m  f l o w  r a t e s  and wa- 
t e r  q u a l i t y ,  p r e c i p i t a t i o n  i n p u t s ,  hydrology and l a n d  u s e  p a t -  
t e r n s  c o u l d  be  used  t o  c o n s t r u c t  a  s i m p l e  s i m u l a t i o n  model o f  
n u t r i e n t  t r a n s p o r t  i n  t h e  key w a t e r s h e d  a r e a s .  
I t  s h o u l d  be  n o t e d  t h a t  i n c r e a s i n g  development  o f  marsh-  
l a n d s  w i l l  a l s o  p r e s e n t  w a t e r  q u a l i t y  problems i n  t h e  s t u d y  
a r e a .  A s  t h e  o r g a n i c  s o i l s  of  t h e  marshes a r e  exposed  t o  oxy-  
g e n ,  because  o f  w a t e r  d r a i n a g e ,  l a r g e  q u a n t i t i e s  o f  n u t r i e n t s  
w i l l  be r e l e a s e d  due t o  r a p i d  o x i d a t i o n  o f  o r g a n i c  m a t t e r .  A 
f u r t h e r  a n a l y s e s  on n u t r i e n t  c o n t e n t  i n  marshes  and i t s  impor-  
t a n c e  i n  t h e  s t u d y  a r e a  i s  g i v e n  by S c h w i n t z e r  ( s e e  Wetlands 
S e c t i o n ) .  C o n t a c t  w i t h  t h e  Houghton Lake Marshland M N N  P r o -  
j e c t  (Kadlec and Richa rdson  1974) has  a l s o  p r o v i d e d  i n v a l u a b l e  
i n f o r m a t i o n  on marsh ecosys tems and t h e i r  r o l e  i n  e f f e c t i n g  
w a t e r  q u a l i t y .  
S e p t i c  Tank Dra inage  
C u r r e n t l y ,  a l l  l a k e s h o r e  r e s i d e n c e s  on t h e  i n l a n d  l a k e s  
o f  Emmet and Cheboygan C o u n t i e s  a r e  s e r v e d  by s e p t i c  t a n k s .  
Only t h e  n o r t h  s h o r e  o f  Crooked Lake i s  soon t o  b e  s e r v i c e d  
by a  sewer .  Dra inage  from t h e s e  s e p t i c  sys t ems  may b e  t h e  
s i n g l e  most i m p o r t a n t  s o u r c e  of  n u t r i e n t s  t o  many l a k e s ,  e s -  
p e c i a l l y  t h e  s m a l l  and h i g h l y  developed o n e s .  
The a v e r a g e  human i s  e s t i m a t e d  t o  e x c r e t e  up t o  5 . 4  kg 
o f  N and 0 . 5  kg o f  P p e r  y e a r  (Van Nuran 1948 ,  McCarty e t  a l .  --
TABLE 13 NITROGEN AND PHOSPHORUS CONTENTS OF VARIOUS NUTRIENT 
SOURCES ( f rom Brezonlk  1973) 
Source  
NATURAL 
F o r e s t  r u n - o f f  
F o r e s t  p e r c o l a t i o n  w a t e r  
Swamp and marsh r u n - o f f  
Meadowland and r u n n - o f f  
P r e c i p i t a t i o n  on l a k e  s u r f a c e  
A q u a t i c  b i r d s  
Leaves and p o l l e n  
CULTURAL 
Domest ic  sewage 
AGRICULTURAL AREAS 
P a s t u r e  
Crop1 and 
Farm a n i m a l s ,  f e e d l o t s  
URBAN RUN-OFF 
SEPTIC TANKS 
MARSH ' A N D  LANDFILL DRAINAGE 
* 
A l l  u n i t s  i n  k g / h a / y r  e x c e p t  r a i n  f a l l  (g /m2- lake  a r e a - y e a r )  , 
b i r d s  (kg /duck-y r  . )  , and d o m e s t i c  sewage ( k g / c a p i t a - y r  .) . 
( f rom B r e z o n i k ,  1973) 
1967 ,  Vo l l enwe ide r  1 9 6 8 ) .  Th i s  m a t e r i a l ,  a l o n g  w i t h  o t h e r  
w a s t e s  c o n t a i n i n g  N and P ,  g i v e  l a k e s h o r e  s e p t i c  s y s t e m s  a  
h i g h  p o t e n t i a l  f o r  n u t r i e n t  p o l l u t i o n  o f  l a k e  w a t e r s .  The av -  
e r a g e  i n p u t  i n t o  f o u r  s e p t i c  sys t ems  was e s t i m a t e d  by Walker 
e t  a l .  (1973a) t o  be  8 .2  kg o f  N p e r  p e r s o n  p e r  y e a r ,  i n d i c a t i n g  --
t h a t  abou t  67 p e r c e n t  o f  t h e  N e n t e r i n g  s e p t i c  sys t ems  comes 
from human e x c r e t a .  However, Vo l l enwe ide r  (1968) s t a t e s  
t h a t  a l m o s t  a l l  o f  t h e  N i n  sewage comes from human e x c r e t a ,  
and t h a t  d o m e s t i c  sewage a v e r a g e s  a b o u t  5 . 4  kg o f  N p e r  p e r s o n /  
y e a r .  T h e r e f o r e ,  t h e  l o a d i n g s  c a l c u l a t e d  by Walker e t  a l .  may --
be  somewhat h i g h .  E l l i s  and C h i l d s  (1973) e s t i m a t e  t h e  i n p u t  
o f  P  t o  househo ld  s e p t i c  sys tems t o  b e  a b o u t  0 .45  kg o f  P  p e r  
p e r s o n / y e a r  f o r  househo lds  l a c k i n g  washing machines .  Au tomat i c  
washe r s  and p h o s p h a t e - c o n t a i n i n g  d e t e r g e n t s  r a i s e  t h i s  v a l u e  
t o  a b o u t  1 . 6  kg of  P p e r  p e r s o n / y e a r .  
To e s t i m a t e  t h e  N and P c o n t r i b u t i o n s  o f  l a k e s h o r e  s e p t i c  
sys t ems  i t  was assumed t h a t ,  on t h e  a v e r a g e ,  e a c h  l a k e s h o r e  
r e s i d e n c e  was o c c u p i e d  f o r  50 p e r c e n t  o f  t h e  y e a r  by a  f a m i l y  
o f  f o u r ,  and t h a t  h a l f  o f  t h e s e  r e s i d e n c e s  have  washing mach ines .  
Assuming an i n p u t  o f  5 . 4  kg o f  N and 0 . 5  kg o f  P  p e r  p e r s o n  p e r  
y e a r ,  and an  a d d i t i o n a l  1 .0  kg o f  P  p e r  p e r s o n  p e r  y e a r  f o r  
t h o s e  r e s i d e n c e s  w i t h  washing mach ines ,  i t  was c a l c u l a t e d  
t h a t  each  r e s i d e n c e  s u p p l i e s  1 0 . 9  kg o f  N and 2 . 1  kg o f  P  t o  
l a k e s h o r e  s e p t i c  sys tems each  y e a r .  These e s t i m a t e s  w i l l  b e  
r e v i s e d  a s  i n f o r m a t i o n  on f a m i l y  s i z e  and l e n g t h  o f  r e s i d e n c e  
becomes a v a i l a b l e  from t h e  S o c i a l  S c i e n c e  s e c t i o n  o f  t h i s  p r o -  
j e c t .  Us ing  r e c e n t  a e r i a l  p h o t o s  o f  Emmet and Cheboygan 
C o u n t i e s  and t h e  p u b l i s h e d  s o i l  s u r v e y s  o f  t h e  c o u n t i e s ,  t h e  
number o f  r e s i d e n c e s  w i t h i n  45 .7  m o f  t h e  s h o r e s  o f  t h e  i n l a n d  
l a k e s  i n  two c o u n t i e s  was e s t i m a t e d .  
F i e l d  checks  by RANN p r o j e c t  p e r s o n n e l  showed a  28 p e r -  
c e n t  u n d e r e s t i m a t e  o f  r e s i d e n c e s  by t h e  a e r i a l  p h o t o s .  A d j u s t -  
ments  were made f o r  a l l  l a k e s .  An a n a l y s i s  o f  t h e  t y p e  o f  s o i l  
p r e s e n t  a t  each  r e s i d e n c e  was comple ted  d u r i n g  summer, 1974.  
T h i s  p r o v i d e d  a  b a s e  f o r  c a l c u l a t i n g  t o t a l  N and P s o i l  ab-  
s o r p t i o n  c a p a c i t y  a round  each  l a k e .  
J u s t  how much o f  t h e  N and P l o a d  from l a k e s h o r e  s e p t i c  
t a n k s  a c t u a l l y  r e a c h e s  t h e  l a k e s  i s  an  e x t r e m e l y  d i f f i c u l t  
p roblem t o  r e s o l v e .  I t  h a s  been  found t h a t  75 t o  85 p e r c e n t  
o f  t h e  t o t a l  N i n  s e p t i c  t a n k  e f f l u e n t s  i s  i n  t h e  N H 4 - N  form 
(Bouma et e. 1972 ,  Walker -- e t  a l . 1973a ,  Dudly and S tevenson  
1 9 7 3 ) .  
I n  a  t y p i c a l  s e p t i c  t a n k  d r a i n  f i e l d  t h e  e f f l u e n t  r u n s  
f rom a  p e r f o r a t e d  p i p e  o r  t i l e  l i n e  i n t o  a  s h a l l o w  bed o f  g r a -  
v e l ,  and t h e n  i n t o  t h e  s o i l .  A f t e r  a  sys t em has  been  i n  u s e  
f o r  a  few months ,  an  o r g a n i c  " c r u s t "  forms a t  t h e  g r a v e l - s o i l  
i n t e r f a c e .  T h i s  r e t a r d s  t h e  movement o f  t h e  l i q u i d  i n t o  t h e  
s o i l  (Bouma -- e t  a l . 1 9 7 2 ) .  The r e s u l t  i s  t h a t  t h e  s o i l  below 
t h e  d r a i n  f i e l d  i s  u n s a t u r a t e d  w i t h  w a t e r ,  and c o n t a i n s  a i r  
i n  t h e  l a r g e r  p o r e  s p a c e s .  Under t h e s e  c o n d i t i o n s ,  NH - N  i s  4  
r e a d i l y  n i t r i f i e d  t o  NO - N .  I n  w e l l  d r a i n e d  s o i l s ,  w i t h  a t  
3  
l e a s t  t h r e e  f e e t  o f  u n s a t u r a t e d  s o i l  between t h e  bot tom o f  
t h e  g r a v e l  bed  ( t y p i c a l l y  two f e e t  below s o i l  s u r f a c e )  and 
t h e  w a t e r  t a b l e ,  e s s e n t i a l l y  a l l  o f  t h e  NH - N  i s  c o n v e r t e d  
4  
A s  s e v e r a l  s t u d i e s  have  shown (Bouma -- e t  a l . 1972 ,  Walker 
e t  a l .  1973b,  Dudly and S tevenson  1973) t h i s  N O 3 - N  i s  v e r y  s o l -  --
u b l e ,  m o b i l e ,  and l e a c h e s  r e a d i l y  th rough  t h e  s o i l  p r o f i l e  t o  
t h e  ground w a t e r .  Assuming t h a t  t h e  ground w a t e r  i s  moving 
toward  t h e  l a k e ,  i t  i s  l i k e l y  t h a t  abou t  85 p e r c e n t  o f  t h e  N 
e n t e r i n g  t h e  s e p t i c  sys t em w i l l  e v e n t u a l l y  f i n d  i t s  way i n t o  
t h e  l a k e  a s  an a v a i l a b l e  p l a n t  n u t r i e n t .  The r emain ing  1 5  p e r -  
c e n t  i s  t i e d  up i n  o r g a n i c  forms i n  t h e  s o i l ,  and i n  t h e  s l u d g e  
t h a t  forms i n  t h e  bot tom o f  t h e  s e p t i c  t a n k  i t s e l f .  
I n  p o o r l y  d r a i n e d  s o i l s ,  t h e  p r o c e s s  o f  n i t r i f i c a t i o n  i s  
n o t  comple te ,  and some of  t h e  r ema in ing  NH -N may be  absorbed  
4 
o n t o  t h e  n e g a t i v e l y  cha rged  s o i l  s u r f a c e s  (Bouma e t  a l .  1972 ,  --
Dudly and S tevenson  1973) .  A " t y p i c a l "  s e p t i c  t a n k  e f f l u e n t  
might  c o n t a i n  35 ppm o f  NH - N  (Dudly and S tevenson  1 9 7 3 ) ,  100 ppm 
4 
o f  Na, 35 p p m o f  Ca, and 20 p p m o f M g  ( E l l i s  1 9 7 3 ) .  These c a t i o n s  
would compete w i t h  t h e  N H ~  e x c e p t  i n  o r g a n i c  s o i l s ,  which t y p -  
i c a l l y  have a  h i g h  c a t i o n  exchange c a p a c i t y .  
I n  t h e  absence  o f  oxygen,  t h e  NO i o n  i s  t h e  f i r s t  a l t e r -  
3 
n a t i v e  e l e c t r o n  a c c e p t o r  u t i l i z e d  by b a c t e r i a  i n  r e s p i r a t i o n  
p r o c e s s e s  (Keeney 1 9 7 2 ) .  I n  t h e  p r o c e s s  o f  d e n t r i f i c a t i o n ,  
NO -N i s  c o n v e r t e d  t o  gaseous  N and l o s t  from t h e  sys t em.  I t  
3  
i s  l i k e l y  t h a t ,  i n  a  p o o r l y  d r a i n e d  s o i l ,  c o n s i d e r a b l e  o r g a n i c  
m a t e r i a l  w i l l  s t i l l  be  p r e s e n t  i n  t h e  e f f l u e n t  when i t  r e a c h e s  
t h e  w a t e r  t a b l e .  F u r t h e r  decompos i t ion  o f  t h i s  m a t e r i a l  unde r  
s a t u r a t e d  c o n d i t i o n s  w i l l  q u i c k l y  e x h a u s t  any oxygen p r e s e n t  
and l e a d  t o  d e n i t r i f i c a t i o n  J u s t  how much N would b e  l o s t  
from t h e  e f f l u e n t  i n  t h i s  manner would depend on many t h i n g s .  
However, i t  has  been  shown t h a t  most o f  t h e  N can  be  removed 
from e f f l u e n t s  i f  d e n i t r i f i c a t i o n  can  be  made t o  o c c u r  c o n t i n -  
u o u s l y  (Bouma e t  a l .  1972,  Bouwer 1970,  E r i c k s o n  e t  a l .  1971 ,  -- --
1972) Under c o n d i t i o n s  of  f l u c t u a t i n g  w a t e r  t a b l e ,  which o c c u r s  
i n  many o f  t h e  s o i l s  s u r r o u n d i n g  l a k e s ,  t h e  NO3-N p r e s e n t  i n  
t h e  f l o o d e d  p o r t i o n  o f  t h e  s o i l  p r o f i l e  w i l l  be l o s t  b y d e n i t r i -  
f i c a t i o n .  
I n  t h e  e s t i m a t i o n  o f  t h e  a c t u a l  n u t r i e n t  l o a d i n g  from s e p -  
t i c  t a n k  e f f l u e n t  i n t o  n e a r b y  l a k e s  i t  was assumed t h a t  i n  w e l l -  
d r a i n e d  s o i l s ,  8 5  p e r c e n t  o f  t h e  N i n  t h e  e f f l u e n t  was r e a c h i n g  
t h e  l a k e s .  I n  p o o r l y  d r a i n e d  s o i l s ,  and s o i l s  w i t h  s e a s o n a b l y  
h i g h  w a t e r  t a b l e s ,  t h e i r  v a l u e  was e s t i m a t e d  a t  50 ~ n e  6 5  p e r -  
c e n t ,  r e s p e c t i v e l y .  These v a l u e s  w i l l  b e  f u r t h e r  c l a r i f i e d  i n  
t h e  n e x t  p h a s e  o f  t h e  p r o j e c t .  
The f a t e  o f  e f f l u e n t  phosphorus  i n  t h e  s o i l  i s  c o n s i d e r -  
a b l y  more c o m p l i c a t e d .  Most s o i l s  have t h e  c a p a c i t y  t o  f i x  
c o n s i d e r a b l e  amounts o f  p h o s p h a t e .  T h i s  o c c u r s  by a  v a r i e t y  
o f  p r o c e s s e s  i n c l u d i n g  chemica l  p r e c i p i t a t i o n  by s o l u b l e  F e ,  
A 1  and Mn; and f i x a t i o n  by s i l i c a t e  c l a y s  (Buckman and Brady 1969) .  
I n  a  new s e p t i c  s y s t e m ,  i t  has  been  obse rved  t h a t  e s s e n -  
t i a l l y  a l l  o f  t h e  P  i n  t h e  e f f l u e n t  i s  f i x e d  by t h e  s o i l  w i t h i n  
a  few f e e t  o f  t h e  s e p t i c  d r a i n  f i e l d  (Bouma e t  a l .  1972,  Dudly --
and S t e v e n s o n  1973 ,  E l l i s  and C h i l d s  1 9 7 3 ) .  I n  o l d e r  sys t ems  
however ,  t h e  c a p a c i t y  t o  f i x  P  i s  r educed  a s  t h e  s o i l  becomes 
s a t u r a t e d ;  i n  which case t h e  P  moves q u i t e  r e a d i l y  th rough  
t h e  s o i l  t o  t h e  ground w a t e r ,  and t h e n  i n t o  t h e  l a k e  i n  t h e  c a s e  
o f  a  l a k e  s h o r e  s e p t i c  s y s t e m .  
S c h n e i d e r  and E r i c k s o n  (1972) ,  u s i n g  much o f  t h e  d a t a  de -  
r i v e d  by E l l i s  and E r i c k s o n  (1969) ,  have r a t e d  many o f  t h e  s o i l s  
o f  Michigan a s  t o  t h e i r  c a p a c i t y  t o  a d s o r b  P ,  w i t h  t h e  i n t e n t  
t h a t  t h i s  i n f o r m a t i o n  c o u l d  b e  u s e d  t o  h e l p  p r e d i c t  t h e  f a t e  o f  
P f rom s e p t i c  sys t ems  b u i l t  i n  t h e s e  s o i l s .  E l l i s  and C h i l d s  
(1973) demons t ra t ed  a  r e l a t i o n s h i p  between t h e  movement o f  P  
away from t h e  s e p t i c  t a n k  d r a i n  f i e l d  and t h e  phosphorus  a d -  
s o r b i n g  c a p a c i t y  o f  t h e  s o i l  a s  d e r i v e d  i n  t h e  l a b o r a t o r y  by 
S c h n e i d e r  and E r i c k s o n  (1972) and E l l i s  and E r i c k s o n  (1969) .  
Phospha te  moved f a r t h e r ,  and r e a c h e d  t h e  l a k e  i n  a  s h o r t e r  p e r -  
i o d  o f  t i m e ,  i n  s o i l s  w i t h  low P - a d s o r b i n g  c a p a c i t i e s .  I n  some 
s o i l s  w i t h  h i g h  P - a d s o r b i n g  c a p a c i t i e s ,  much l e s s  movement was 
found.  A c o m p l i c a t i n g  f a c t o r  i s  t h e  a b i l i t y  o f  a  P - s a t u r a t e d  
s o i l  t o  r e g e n e r a t e  i t s  P - a d s o r b i n g  c a p a c i t y  o v e r  a  p e r i o d  o f  
t i m e .  J u s t  how many t imes  t h i s  can  o c c u r ,  and how l o n g  i t  
t a k e s  i s  unknown, and no doubt  v a r i e s  from s o i l  t o  s o i l  ( E l l i s  
and E r i c k s o n  1969,  E l l i s  1973) .  
When a  s o i l  i s  s a t u r a t e d  w i t h  w a t e r ,  a s  below t h e  w a t e r -  
t a b l e ,  t h e  d i f f u s i o n  o f  oxygen i n t o  t h e  s o i l  i s  v e r y  s low.  
Oxygen d e p l e t i o n  by m i c r o b i a l  r e s p i r a t i o n  o c c u r s  i n  t h e s e  s a t -  
u r a t e d  s o i l s .  Under t h e s e  c o n d i t i o n s ,  P  becomes much more mo- 
b i l e  i n  t h e  s o i l ,  and more phosphorus  i s  found i n  r e a d i l y  ex -  
t r a c t a b l e  forms.  Th i s  i s  t h o u g h t  t o  be  due t o  t h e  r e d u c t i o n  
o f  f e r r i c  i r o n  t o  f e r r o u s  i r o n  w i t h  a  consequen t  l o s s  o f  p a r t  
o f  t h e  s o i l s '  P - a d s o r b i n g  c a p a c i t y  ( P a t r i c k  and Mahapatra  1968 ,  
A n t i e  -- e t  a l . 1970,  P a t r i c k  1964,  S y e r s  e t  a l .  1973) .  Conse- --
q u e n t l y ,  l e s s  P  i s  adsorbed  from s e p t i c  t a n k  e f f l u e n t  by s o i l s  
below t h e  w a t e r  t a b l e  ( E l l i s  and C h i l d s  1 9 7 3 ) .  With t h e  p r e -  
c e d i n g  i n f o r m a t i o n  a s  background and w i t h  cogn izance  o f  a l l  
t h e  v a r i a b l e s  and u n c e r t a i n t i e s  i n v o l v e d ,  t h e  f o l l o w i n g  i n i t i a l  
s e t  o f  c o n d i t i o n s  a r e  assumed: 
1. An a v e r a g e  s e p t i c  sys tem i n  o u r  s t u d y  a r e a  r e c e i v e s  
1 0 . 9  kg and 2 . 1  kg P / y r .  
An a v e r a g e  sys t em c o n s i s t s  o f  23.2 m 2  ( a  r e a s o n a b l e  
s i z e  a c c o r d i n g  t o  t h e  Cheboygan County s a n i t a r y  c o d e ) .  
A bot tom bed o f  g r a v e l  a n  a v e r a g e  o f  0 . 9  m from t h e  
w a t e r  t a b l e  (0 .6  m i s  r e q u i r e d  i n  Cheboygan County ,  
1 . 2  m i n  Emmet County) .  
A s e e p a g e  bed d i s t a n c e  o f  15 .2  m from t h e  l a k e s h o r e  
a s  r e q u i r e d  by Cheboygan County S a n i t a r y  Code. 
Phosphorus  f rom e f f l u e n t  r ema ins  i n  t h e  t o p  1 . 5  m o f  
t h e  ground w a t e r  a s  i t  moves toward t o  t h e  l a k e  (Bouma 
e t  a l .  1972 ,  Dudley and S tevenson  1 9 7 3 ) .  --
E f f l u e n t  f a n s  o u t  s o  t h a t  t h e  a f f e c t e d  a r e a  i s  9 . 1  m 
wide  a t  t h e  l a k e  s h o r e  (Bouma e t  a l .  1972,  Dudley and --
S t e v e n s o n  1 9 7 3 ) .  
S o i l  P - a d s o r b i n g  c a p a c i t y  i s  i n  t h e  medium r a n g e ,  
1 . 7  x 10 -I1 x kg p/m3 o f  s o i l  ( S c h n e i d e r  and E r i c k -  
son  1 9 7 2 ) .  
S o i l  P - a d s o r p t i o n  c a p a c i t y  i s  r e g e n e r a t e d  o n c e ,  and 
h a l f  of  t h i s  c a p a c i t y  i s  r e u s a b l e  a  second t ime  
( E l l i s  and E r i c k s o n  1 9 6 9 ) .  
9 .  Phosphorus  moves s t r a i g h t  down th rough  t h e  s o i l  t o  
t h e  ground w a t e r ,  t h e n  moves l a t e r a l l y  t o  t h e  l a k e .  
10 .  Below t h e  w a t e r  t a b l e ,  t h e  s o i l  h a s  o n l y  50 p e r c e n t  
o f  t h e  P - a d s o r b i n g  c a p a c i t y  o f  t h e  s o i l s  above t h e  
w a t e r  t a b l e .  
With t h e  p r e c e d i n g  i n f o r m a t i o n  a s  a  b a s e  we have  c a l c u -  
l a t e d  how l o n g  t h e  s o i l  would a b s o r b  P ,  and c o n s e q u e n t l y ,  how 
l o n g  i t  would be  b e f o r e  a l l  P from t h e  s e p t i c  t a n k  was e s s e n -  
t i a l l y  a l l  r u n n i n g  i n t o  t h e  l a k e  o r  ground w a t e r .  Under t y p -  
i c a l  l a k e s h o r e  s o i l s  found i n  t h e  s t u d y  a r e a ,  t h e  e f f l u e n t  
would move th rough  2 1 . 2  m 3  o f  d r a i n f i e l d  w i t h  a  P - a d s o r b i n g  
c a p a c i t y  o f  1 .76  x 1 0 - I  kg o f  p/m3, o f  which h a l f  o f  t h i s  
amount i s  used  t w i c e .  A f t e r  p a s s i n g  th rough  t h e  d r a i n f i e l d  
s o i l ,  t h e  e f f l u e n t  would p a s s  th rough  198.2 m3 o f  n a t u r a l  
s e e p a g e  s o i l  w i t h  a  P - a d s o r b i n g  c a p a c i t y  o f  8 . 8  x kg/rn3 
o f  which h a l f  i s  used  t w i c e .  Thus ,  31.8 kg o f  P  would b e  ad -  
s o r b e d  by t h e  s o i l ,  o r  e s s e n t i a l l y  a l l  o f  t h e  P  from t h e  s y s -  
tem f o r  1 5  y e a r s .  S o i l s  w i t h  o t h e r  P - a d s o r b i n g  c a p a c i t i e s  
a r e  g i v e n  below: 
P  a d s o r b i n g  c a p a c i t y  o f  m i n e r a l  s o i l s  (kg/m3) Yrs. t o  s a t u r a t i o n  
Very low (1 .2  x lo- ' )  < 10 
low ( 1 . 4  x  1 0 - l )  1 2  
h i g h  (1 .76  x 1 0 - l )  19 
Very high ( 2 . 4  x lo - ' )  >20 
I n  a p o o r l y  d r a i n e d  o r g a n i c  s o i l ,  t h e s e  t i m e s  o f  s a t u r a t i o n  
would be somewhat r educed .  E l l i s  and C h i l d s  (1973) found t h a t  
on a  p o o r l y  d r a i n e d  o r g a n i c  s o i l  w i t h  e x t r e m e l y  low P - a d s o r b i n g  
c a p a c i t y ,  a  l o a d i n g  o f  3 .2  k g / y r  f o r  f i v e  y e a r s  c a u s e d  t h e  
s o i l  t o  be  c o m p l e t e l y  s a t u r a t e d  w i t h  P ,  and t h a t  P  was r u n n i n g  
e s s e n t i a l l y  unchecked d i r e c t l y  i n t o  t h e  l a k e  9 . 1  m away. 
I t  i s  n o t  g e n e r a l l y  known how o l d  t h e  s e p t i c  sys t ems  a r e  
a round t h e  l a k e s  i n  Emmet and Cheboygan C o u n t i e s .  However, i n -  
f o r m a t i o n  on age  o f  d w e l l i n g s  w i l l  be  o b t a i n e d  by t h e  s o c i a l  
s c i e n c e  s e c t i o n .  T h i s  d a t a  w i l l  b e  used  t o  r e f i n e  o u r  e s t i m a t e  
o f  n u t r i e n t  l o a d i n g .  I t  i s  a l s o  known t h a t  a  l a r g e  number o f  
t h e  o l d e r  sys t ems  do n o t  meet t h e  r e q u i r e m e n t s  f o r  d i s t a n c e  
above t h e  w a t e r  t a b l e  o r  d i s t a n c e  from t h e  l a k e  s h o r e .  T h i s  
f a c t o r  w i l l  be  t a k e n  i n t o  accoun t  i n  t h e  n e x t  phase  of  t h e  
p r o j e c t .  However, f o r  t h e  p u r p o s e s  o f  e s t i m a t i n g  t h e  p r e -  
s e n t  l o a d i n g  o f  P  from l a k e s h o r e  s e p t i c  s y s t e m s ,  t h e  f o l l o w i n g  
a s s u m p t i o n s  were made: 
Dra inage  P - a d s o r b i n g  c a p a c i t y  P e r c e n t  o f  P from each  s e p t i c  
sys t em t h a t  r e a c h e s  t h e  l a k e  
Good h i g h ,  v e r y  h i g h  
Good medium 
Good low, v e r y  low 
Poor h i g h ,  v e r y  h i g h  
Poor  medium 
Poor  low,  v e r y  low 
I t  must  be  remembered t h a t  e v e n t u a l l y ,  a l l  t h e  s o i l s  
r e c e i v i n g  e f f l u e n t  w i l l  become P - s a t u r a t e d ,  and t h e n  a l l  o f  
t h e  P  w i l l  p a s s  t h r o u g h  t h e  s o i l .  For t h e  p u r p o s e s  o f  t h e s e  
e s t i m a t e s  i t  was f u r t h e r  assumed t h a t  ground w a t e r  movement was 
i n t o  i n s t e a d  o f  away from a l l  t h e  l a k e s  under  c o n s i d e r a t i o n .  
Ground w a t e r  movement away from a  l a k e  would mean, o f  c o u r s e ,  
t h a t  none of  t h e  s e p t i c  t a n k  e f f l u e n t  would move i n t o  t h e  l a k e .  
By comparing s o i l  c h a r a c t e r i s t i c s  a l o n g  l a k e  s h o r e s  i n  
Cheboygan and Emmet C o u n t i e s  w i t h  P - a d s o r b i n g  c a p a c i t y  of  t h e s e  
s o i l  t y p e s  (Schne ide r  and E r i c k s o n  1 9 7 2 ) ,  we e s t i m a t e d  p e r c e n -  
t a g e s  o f  N and P  i n  t h e  e f f l u e n t  from s e p t i c  sys tems l o c a t e d  
on t h e s e  s o i l s  t h a t  would r e a c h  t h e  a d j a c e n t  l a k e .  From t h e s e  
p e r c e n t a g e s  and t h e  a d j u s t e d  c o u n t  o f  r e s i d e n c e s  on t h e s e  s o i l  
t y p e s ,  we c a l c u l a t e d  t h e  a c t u a l  l o a d i n g  o f  N and P  t o  each  
l a k e  from l a k e s i d e  s e p t i c  sys t ems  (Tab le  1 4 ) .  We a l s o  c a l c u -  
l a t e d  t h e  p o t e n t i a l  l o a d i n g ,  i . e . ,  a l l  t h e  N and P  e n t e r i n g  
t h e  s e p t i c  sys t ems  each  y e a r  (Tab le  1 4 ) .  
TABLE 14 C O N T R I B U T I O N S  OF N AND P FROM S E L E C T E D  LAKESHORE S E P T I C  SYSTEMS 
* 
T h i s  d a t a  i n c l u d e s  c o n t r i b u t i o n s  t o  B u r t  Lake f r o m  s e p t i c  s y s t e m s  a l o n g  
t h e  S t u r g e o n  (65  r e s i d e n c e s ) ,  and Crooked R i v e r s  (100 r e s i d e n c e s ) ,  and  
t o  M u l l e t t  Lake f rom 207 r e s i d e n c e s  a l o n g  t h e  I n d i a n  R i v e r  
Lakes  
M u l l e t t *  
* 
B u r t  
Wal loon 
B l a c k  
P a r a d i s e  
Crooked 
Doug 1 a s  





L a r k s  
S i l v e r  
Lance 
Devereaux  
E s t i m a t e d  
number o f  
r e s i d e n c e s  
1 0 3 8  
929 
7  87 
6  82 
30 9  
39 1 
251 
1 2  0  
1 0  6  
8  1 
47 
6 3  
3  6  
4  5  
2 6  
2 6  
E s t i m a t e d  A c t u a l  L o a d i n  
7 __Q 
Kg/yr % p o F e n t i a l  Kg/yr  p o t e n t i a l  
1 0 , 1 3 1  7  5  1 5 7 5  5  9  
7692 65 15 16 6  5  
6 7 1 1  7  8  7  29 4 3  
5  39 2 7  3  80 8  5  6  
2657 7  9  2 32 3  5  
2947 6  9  361  4 3  
1696 6  2 273 5  1 
8 1 1  62 1 3 1  5  1 
854 7  4  94  4 2 
710 8  1 5  7  3  3  
266 5  2 5  9 5  9 
399 5  8  8  4  6 3  
2 4  2 6  2 3  4  44 
401  8  2 2  8  2 9  
1 4  2  5  0  4 2 7  5  
225 8  0  1 8  3  3  
-- 
P o t e n t i a l  
kg N/yr  
1 3 , 5 5 3  
1 1 , 9 1 0  
8567.5  
7426.2  
3363 .8  





1 9 4 1  
6 8 5 . 8  
39 2 
489 .9  
2 83  
2 83  
L o a d i n  










1 7 3  
1 0  0  
134  
7  7  
96 . O  
5 5 . 3  
5 5 . 3  
A s  i n d i c a t e d  e a r l i e r ,  t h e s e  l o a d i n g s  a r e  a  f i r s t  e s t -  
i m a t e .  To f u r t h e r  q u a n t i f y  t h e s e  v a l u e s ,  a  sampl ing  p r o -  
gram w i l l  be  u n d e r t a k e n  i n  t h e  n e x t  phase  o f  t h e  p r o j e c t .  
Ground w a t e r  a n d / o r  i n s h o r e  l a k e  w a t e r  samples  t a k e n  a d j a -  
c e n t  t o  houses  on v a r i o u s  s o i l  t y p e s  w i l l  b e  used  t o  g a i n  
more i n s i g h t  i n t o  t h e  a c t u a l  e f f e c t  o f  s o i l  t y p e  on N and 
P c o n t r i b u t i o n s  from s e p t i c  t a n k  e f f l u e n t .  
T o t a l  N and  P l o a d i n g s  f o r  t h e  l a k e s  a s  c a l c u l a t e d  t o  
d a t e  a r e  p r e s e n t e d  i n  T a b l e s  15 and 1 6 .  The v a l u e s  f o r  
r u n o f f  and d r a i n a g e ,  i . e .  n u t r i e n t s  coming from t h e  w a t e r -  
s h e d  i n  s t r e a m  f l o w ,  a r e  based  o n l y  on t h e  immediate  w a t e r -  
s h e d ,  i . e . ,  t h e  w a t e r s h e d  immedia te ly  s u r r o u n d i n g  t h a t  l a k e ,  
and do n o t  i n c l u d e  n u t r i e n t s  which p a s s  o u t  o f  one l a k e  and 
i n t o  a n o t h e r .  C a l c u l a t i o n s  of  f l o w  from one l a k e  t o  a n o t h e r  
a r e  c u r r e n t l y  under  way and w i l l  be  p r e s e n t e d  i n  t h e  n e x t  
p h a s e  o f  t h e  r e p o r t .  The n e x t  s t a g e  o f  t h e  p r o j e c t  w i l l  
a l s o  c o n c e n t r a t e  on a  r e f i n e d  n u t r i e n t  budge t  w i t h  t h e  a q u a t i c  
s e c t i o n .  I n c l u d e d  i n  t h i s  i n v e s t i g a t i o n  w i l l  be  dye t r a c e r  
s t u d i e s  from s e p t i c  t a n k s ,  a n a l y s e s  o f  s t r e a m  f l o w  i n  key 
t r a n s f e r  a r e a s ,  a  s t u d y  on ground w a t e r  movement n e a r  c e r t a i n  
key i n d i c a t o r  l a k e s  i n  t h e  w a t e r s h e d s .  An o u t l i n e  o f  n u t r i e n t  
l o a d i n g  c a p a b i l i t i e s  w i l l  a l s o  be  c a l c u l a t e d  f o r  each  l a k e .  
T h i s  i n f o r m a t i o n  w i l l  b e  e s s e n t i a l  t o  l o c a l  community d e c i s i o n  
makers .  T h e i r  d e c i s i o n s  on t h e  need  f o r  c u r t a i l i n g  d e v e l o p -  
ment i n  s e n s i t i v e  a r e a s  w i l l  b e  p r e d i c a t e d  on t h e  a q u a t i c  s e c -  
t i o n ' s  r a n k i n g  sys t em and an i n d e x  o f  n u t r i e n t  l o a d i n g  c a p a c i t y .  
TABLE 15, TOTAL OF N SOURCES TO LA ES F OM I MEDIATE WATERSHEDS IN t S Y  
201 
NORTHERN LOWER M I C H I G A N  KG N YEAR 
P r e c i p i t a t i o n  Runoff  
and  and Lake & S t r e a m  
Lakes  
A r n o t  t 
B l a c k  




Deve r e  aux 
Dog 
Doug1 a s  
F r e n c h  Farm 
Hoop 
L a r k s  
Lancas  t e r  
Lance 
Long 
Mud Lake Bog 
M u l l e t t  
Mun r o  
Oslnun 
P i c k e r e l  
R o b e r t s  
Round 
S i l v e r ,  Wilmot Twp. 
S i l v e r ,  K o e h l e r  Twp 
Twin Lakes  





8 4 8  
L u L 
TABLE 16, T O T A L  OF P SOURCES TO L A K E S  F OM I M M E D I A T E  WATERSHEDS I N  
NORTHERN LOWER MICHIGAN (KG P 9 YEAR) 
P r e c i p i t a t i o n  Runof f  
L a k e s  
A r n o  t t 
B l a c k  
B u r t  
C a r p  
C o c h r a n  
C r o o k e d  
Deve r e  a u x  
Do i2 
Doug1 a s  
F r e n c h  Farm 
Hoop 
L a r k s  
L a n c a s t e r  
L a n c e  
Long 
Mud Lake  Bog 
M u l l e t t  
Mun r o  
0 s mun 
P i c k e r e l  
R o b e r t s  
Round 
S i l v e r ,  Wi lmot  Twp. 
S i l v e r ,  K o e h l e r  Twp. 
Twin  L a k e s  
V i n c e n t  
W a l l o o n  
Web e r  
Wycamp 
a n d  
Dry F a l l  
3  
1 , 4 1 8  





2  7  
4 8 1  
8  2  
1 
8  5  
7  
3 
5 6  
4 
2 , 3 2 8  
9 7  
6  





2 9  
4  
6  0  5 
4  
9  0 
a n d  
D r a i n a g e  
4 3  
6 , 2 2 3  
4 , 6 2 1  
30 8  
10  
5  10  
4  6  
3  5 
6  6  
140 
6  
1 9  
1 6  8 
3 8 
1 9  
2  0 
2 , 9 5 2  
4  2 
I 8  
6 2 3  
2  2  
7 1 
2 4  
3  0 
2 1 
2  
4 1  8  
1 4  
2  8 8  
Lake  E S t r e a m  
S i d e  S e p t i c  T a n k s  
- - 
809 




1 8  
- - 
2 7 3  
- - 
- - 
3 4  
- - 
4 2 
9  4  
- - 
1 , 5 7 6  
8  4  
- - 
1 3 1  
- - 
5 9  
2 8 
- - 







8 , 4 5 0  
8 , 5 3 6  
8  0  6  
1 4  
1 , 2 0 7  
6  9  




1 3  8  
1 7  5  
8  3  
1 6 9  
2  4  
6 , 8 5 6  
2 2 3  
1 4  
904 
- - 
1 7 7  
6  3  
4  1 
1 0 7  
6  
1 , 7 5 2  
1 8  
378  
C. WETLANDS 
RELATIONSHIP OF WETLANDS TO LAKE WATER QUALITY 
Wetlands (marshes ,  swamps, b o g s ,  and meadows) a r e  impor-  
t a n t  i n  d e t e r m i n i n g  q u a l i t y  o f  l a k e  w a t e r s  and s e a s o n a l  f l o w  
r a t e s  i n t o  t h e  l a k e s .  I n  a d d i t i o n ,  t h e y  a f f e c t  t h e  q u a l i t y  and 
q u a n t i t y  o f  s t r e a m  f low and ground w a t e r .  They improve w a t e r  
q u a l i t y  by f i l t e r i n g  o u t  w a s t e s  and b r e a k i n g  them down, t h r o u g h  
m i c r o b i a l  a c t i o n ,  i n t o  s i m p l e  i n o r g a n i c  compounds which c a n  b e  
t a k e n  up by t h e  v e g e t a t i o n .  Wetlands a l s o  r e g u l a t e  t h e  s e a s o n -  
a l  f low o f  w a t e r  by s t o r i n g  w a t e r  t e m p o r a r i l y  d u r i n g  p e r i o d s  
o f  h i g h  i n p u t  due t o  snow-melt  and r a i n f a l 1 , a n d  d i s c h a r g i n g  i t  
d u r i n g  p e r i o d s  o f  low i n p u t .  The e f f e c t i v e n e s s  o f  i n d i v i d u a l  
w e t l a n d s  i n  pe r fo rming  t h e s e  f u n c t i o n s  depends on many c h a r a c -  
t e r i s t i c s  i n c l u d i n g  s i z e ,  l o c a t i o n ,  s o i l ,  v e g e t a t i o n ,  and r e -  
l a t i o n s h i p  t o  t h e  r e g i o n a l  w a t e r  t a b l e .  
Our i n i t i a l  work f o c u s e d  on d e t e r m i n i n g  t h e  impact  o f  
n e a r b y  homes and c o t t a g e s  on a  bog ecosys tem.  Bogs make up a  
s i g n i f i c a n t  f r a c t i o n  o f  t h e  w e t l a n d s  i n  n o r t h e r n  lower  Mich i -  
gan and may b e  e s p e c i a l l y  s e n s i t i v e  t o  t h e  growing p r e s s v r e  o f  
man's a c t i v i t i e s .  
I n  summer, 1972, we s t u d i e d  B r y a n t ' s  Bog,  a  s m a l l  p e a t  bog 
l o c a t e d  n e a r  Douglas Lake, b e c a u s e  1 )  t h e  v e g e t a t i o n  o f  t h e  
bog i s  undergo ing  major  changes i n v o l v i n g  t h e  d e a t h  o f  most  
o f  t h e  t r e e s  2 )  c o t t a g e s  and houses  have  been  b u i l t  n e a r  t h e  
s o u t h  and wes t  s i d e s  o f  t h e  bog i n  r e c e n t  y e a r s  3) i t  h a d  
been  h y p o t h e s i z e d  t h a t  t h e  v e g e t a t i o n  changes were  r e l a t e d  t o  
t h e  c o t t a g e s  and homes 4 )  a s p e c t s  o f  t h i s  bog had  b e e n  i n t e r -  
m i t t e n t l y  s t u d i e d  by s t a f f  o r  s t u d e n t s  o f  t h e  B i o l o g i c a l  S t a -  
t i o n  from 1917 t o  t h e  p r e s e n t .  Thus B r y a n t ' s  Bog appeared  
t o  p r o v i d e  a  good example of man's impact  on one t y p e  of wet -  
l a n d s  o f  impor tance  t o  n o r t h e r n  Michigan: a  b o r e a l  bog. 
To d a t e ,  t h e  f o l l o w i n g  h a s  been accompl ished:  
1) The bog was mapped and t h e  p r e s e n t  map compared t o  
t h e  one made i n  1926 ( f i g u r e  2 4 ) .  I t  was found t h a t  
a  s m a l l  s e c t i o n  o f  t h e  w e s t e r n  edge of  t h e  bog had 
been a r t i f i c i a l l y  f i l l e d  w i t h  sand and g r a v e l .  
2) The open w a t e r  a r e a s  i n  maps p r e p a r e d  i n  1926,  1955,  
1963,  and 1972 were compared. F i l l i n g  o f  t h e  bog l a k e  
was shown t o  be a  s low and i r r e g u l a r  p r o c e s s  w i t h  an 
a v e r a g e  advance o f  t h e  f l o a t i n g  m a t  i n t o  t h e  open wa- 
t e r  o f  0 .05  m (0 .15  f t )  p e r  y e a r .  
3) The e l e v a t i o n  d i f f e r e n c e  between t h e  w a t e r  l e v e l  o f  
t h e  open w a t e r  i n  B r y a n t ' s  Bog and t h e  s u r f a c e  o f  Doug- 
l a s  Lake was t h e  same a s  t h a t  measured i n  1926,  show- 
i n g  t h a t  bog d r a i n a g e  was u n a f f e c t e d  by t h e  c o n s t r u c -  
t i o n  o f  t h e  nea rby  houses  and c o t t a g e s .  
4 )  The v e g e t a t i o n  d a t a  g a t h e r e d  by p l a n t  eco logy  c l a s s e s  
u n d e r  t h e < d i r e c t i o n  o f  D r .  F . C .  Gates  between 1917 and 
1954 h a s  been summarized. The v e g e t a t i o n  g r a d u a l l y  
changed from r e l a t i v e l y  open bog s h r u b  communities 
t o  c l o s e d  bog c o n i f e r  communit ies .  
5) The v e g e t a t i o n  o f  t h e  bog was sampled and d e s c r i b e d  
i n  t e rms  o f  f r e q u e n c y ,  d e n s i t y ,  and dominance o f  t h e  
p l a n t  s p e c i e s  p r e s e n t .  Permanent p l o t s  were e s t a b -  
l i s h e d  t o  p e r m i t  d e t a i l e d  a n a l y s i s  o f  v e g e t a t i o n  

changes  f o l l o w i n g  t h e  g r a d u a l  decay  of  t h e  dead t r e e s  
now s t a n d i n g .  
6 )  I t  was t e n t a t i v e l y  concluded t h a t  t h e  changes i n  t h e  
bog were n o t  due t o  man's  a c t i v i t i e s  b u t  i n s t e a d  were 
c a u s e d  by u n u s u a l l y  h i g h  w a t e r  1 e v e l s . d u e  t o  n a t u r a l  
c a u s e s  r e s p o n s i b l e  f o r  t h e  h i g h  w a t e r  l e v e l s  encoun- 
t e r e d  t h r o u g h o u t  t h e  r e g i o n  i n  r e c e n t  y e a r s .  
The s t u d y  o f  B r y a n t ' s  Bog was comple ted  i n  summer, 1973 
and t h e  r e s u l t s  were  r e p o r t e d  i n  an a r t i c l e  e n t i t l e d  "Vegeta-  
t i o n  Changes i n  a  Smal l  Michigan Bog from 1917 t o  1972" which 
h a s  been  a c c e p t e d  f o r  p u b l i c a t i o n  by The American Midland Nat -  -
u r a l i s t .  
Dur ing  summer, 1973,we s h i f t e d  t h e  f o c u s  of  o u r  work t o  
f i n d i n g  t h e  c o n t r i b u t i o n s  o f  e x i s t i n g  w e t l a n d s  o f  a l l  t y p e s  
(marshes ,  swamps, b o g s ,  and meadows) t o  t h e  ma in tenance  o f  
t h e  p r e s e n t  h i g h  w a t e r  q u a l i t y  i n  t h e  l a k e s  o f  t h i s  r e g i o n .  
T h i s  i n f o r m a t i o n  i s  e s s e n t i a l  t o  t h e  development  o f  f e a s i b l e  
management s t r a t e g i e s  f o r  t h e  ma in tenance  o f  l a k e  w a t e r  q u a l i t y .  
The f o l l o w i n g  p r o c e d u r e  was adop ted  t o  s t u d y  t h e  r e l a t i o n -  
s h i p s  be tween t h e  w e t l a n d s  and l a k e  w a t e r  q u a l i t y  and t o  d e -  
t e r m i n e  t h e  c o n t r i b u t i o n  o f  t h e  w e t l a n d s  t o  l a k e  w a t e r  q u a l i t y :  
1 )  Determine  t h e  e x t e n t  and l o c a t i o n  o f  t h e  w e t l a n d s .  
2 )  C h a r a c t e r i z e  w e t l a n d s  w i t h  r e s p e c t  t o :  a )  s o i l  t y p e  
b )  v e g e t a t i o n  t y p e  c )  p r e s e n c e  and n a t u r e  of  i n l e t s  
and o u t l e t s  d )  c o n n e c t i o n  t o  r e g i o n a l  ground w a t e r  
e )  r e l a t i o n s h i p  t o  r i v e r s  and l a k e s ,  and f )  chemica l  
and b a c t e r i o l o g i c a l  c h a r a c t e r i s t i c s  o f  w a t e r s  f l o w i n g  
i n t o  and o u t  o f  t h e  w e t l a n d s .  
3) E v a l u a t e  t h e  impor tance  o f  each  w e t l a n d  f o r  w a t e r  
q u a l i t y  i n  r e l a t e d  l a k e s .  
S t e p  1, d e t e r m i n a t i o n  o f  e x t e n t  and l o c a t i o n  o f  w e t l a n d s ,  
was begun i n  summer, 1973 and c o n t i n u e d  d u r i n g  summer, 1974.  
The F o r e s t r y  D i v i s i o n  o f  t h e  Michigan Department  o f  N a t u r a l  
Resources  (DNR) has  a l r e a d y  mapped t h e  f o r e s t  c o v e r  of w e t l a n d s  
owned by t h e  S t a t e  of  Michigan and a d m i n i s t e r e d  by  t h e  F o r e s t r y  
D i v i s i o n .  T h i s  i n c l u d e s  a lmos t  a l l  o f  t h e  p u b l i c l y  owned w e t -  
l a n d s .  B l u e p r i n t s  o f  t h e s e  f o r e s t  c o v e r  maps were o b t a i n e d  
th rough  t h e  DNR.  Each township  i s  mapped on a  s e p a r a t e  s h e e t  
a t  a  s c a l e  o f  4 i n .  = 1 m i l e .  Each s h e e t  i n c l u d e s  a  b a s e  map 
o f  t h e  e n t i r e  township  showing s e c t i o n  l i n e s ,  s t r e a m s ,  l a k e s ,  
r o a d s ,  and s e t t l e m e n t s .  The f o r e s t  cove r  ( i n c l u d i n g  n o n f o r -  
e s t e d  t y p e s  o f  c o v e r  such  a s  open bog and b a r e  r o c k )  o f  a r e a s  
owned by t h e  S t a t e  of  Michigan and a d m i n i s t e r e d  by t h e  F o r e s -  
t r y  D i v i s i o n  i s  super imposed  on t h e  b a s e  map. 
E x t e n t  and l o c a t i o n  d a t a  f ~ r  w e t l a n d s  i n  t h e  two-county 
a r e a  was t a k e n  from U.S. G e o l o g i c a l  Survey  1 :62 ,500  s c a l e  t o -  
p o g r a p h i c  maps. The t o p o g r a p h i c  maps were o p t i c a l l y  e n l a r g e d  
and p r o j e c t e d  o n t o  t h e  f o r e s t  c o v e r  maps and t h e  o u t l i n e  o f  
t h e  w e t l a n d s  t r a c e d  o n t o  t h e  f o r e s t  c o v e r  maps. The e x t e n t  o f  
DNR owned, F o r e s t r y  D i v i s i o n  a d m i n i s t e r e d  w e t l a n d  a r e a  and t o -  
t a l  w e t l a n d  a r e a  was t h e n  d e t e r m i n e d  w i t h  a  p l a n i m e t e r .  F o r e s t  
c o v e r  maps a r e  u n a v a i l a b l e  f o r  a  v e r y  s m a l l  number o f  townsh ips  
b e c a u s e  t h e y  c o n t a i n  no D N R  owned, F o r e s t r y  D i v i s i o n  a d m i n i s t e r e d  
l a n d .  The e x t e n t  o f  t h e  w e t l a n d s  i n  t h e s e  townships  was d e t e r -  
mined by p l a n i m e t e r  from USGS t o p o g r a p h i c  maps. 
The r e s u l t s  o f  t h i s  s u r v e y  a r e  shown i n  T a b l e  1 7 .  
Emmet County c o n t a i n s  108 .8  km2 (42 m i 2 )  o f  w e t l a n d s  making 
up 9 . 1  p e r c e n t  o f  i t s  t o t a l  l a n d  a r e a .  The S t a t e  o'f Mich i -  
gan owns a l m o s t  h a l f  o f  t h e s e  w e t l a n d s .  Cheboygan County con-  
t a i n s  308.2 km2 (119 m i 2 )  o f  w e t l a n d s  making up 14 p e r c e n t  o f  
i t s  t o t a l  l a n d  a r e a .  The S t a t e  o f  Michigan owns a l m o s t  h a l f  
o f  t h e s e  w e t l a n d s .  P u b l i c  ownership  o f  such  a  l a r g e  f r a c t i o n  
o f  t h e  w e t l a n d  a r e a  w i l l  f a c i l i t a t e  t h e  r e t e n t i o n  o f  t h e s e  
w e t l a n d s  i n  t h e i r  p r e s e n t  s t a t e .  
The p r e s e n t  s t a t u s  o f  t h e  w e t l a n d  s u r v e y  on a  s e c t i o n - b y -  
s e c t i o n  b a s i s  i s  shown i n  F i g u r e  2 4 .  I n  Emmet County,  53 p e r -  
c e n t  o f  t h e  s e c t i o n s  c o n t a i n  no w e t l a n d s ,  6  p e r c e n t  c o n t a i n  
w e t l a n d s  c o m p l e t e l y  cover-mapped,  8  p e r c e n t  c o n t a i n  w e t l a n d s  
p a r t i a l l y  cover-mapped,  and 33 p e r c e n t  c o n t a i n  w e t l a n d s  t h a t  
have  n o t  been  cover-mapped.  I n  Cheboygan County o n l y  24 p e r c e n t  
o f  t h e  s e c t i o n s  c o n t a i n  no  w e t l a n d s ,  20 p e r c e n t  c o n t a i n  com- 
p l e t e l y  cover-mapped w e t l a n d s ,  18  p e r c e n t  c o n t a i n  p a r t i a l l y  
cover-mapped w e t l a n d s ,  and 38 p e r c e n t  c o n t a i n  w e t l a n d s  t h a t  
have  n o t  been  cover-mapped.  
S t e p  2 ,  c h a r a c t e r i z a t i o n  o f  w e t l a n d s ,  began i n  summer, 
1974.  R e p r e s e n t a t i v e  s i t e s  f o r  each  o f  t h e  ma jo r  w e t l a n d  veg-  
e t a t i o n  t y p e s  found i n  t h e  a r e a  ( T a b l e  1 8 )  were s e l e c t e d  and 
sampled f o r  d i s s o l v e d  c h e m i c a l s  i n  t h e  groundwater  a t  a  d e p t h  
of  1 5  t o  30 cm (6 t o  1 2  i n )  below t h e  s u r f a c e .  The samples  
from one  s i t e  were  c o m p l e t e l y  a n a l y z e d  d u r i n g  t h e  summer, 
w h i l e  samples  from t h e  remaining  s i t e s  were a n a l y z e d  f o r  pH, 
a l k a l i n i t y ,  and d i s s o l v e d  oxygen on t h e  day  of  c o l l e c t i o n .  
A subsample  was f r o z e n  f o r  f u r t h e r  a n a l y s i s  d u r i n g  t h e  w i n t e r .  

TABLE 18 
D i s s o l v e d  Chemical Sampl ing:  S i t e s  and Schedu le  1974 
Number o f  samples  t a k e n  
V e g e t a t i o n  t y p e  S i t e  l o c a t i o n  summer, 1974 
Open bog 
C o n i f e r  swamp 
Hardwood swamp 
Alder  t h i c k e t  
Sedge meadow 
C a t t a i l  marsh 
Mud Lake Bog 
G a t e s '  Bog 
Bryant  ' s  Bog 
Mud Lake Bog 
P l e a s a n t v i e w  Swamp 
R e e s e ' s  Bog 
Maple Bay Swamp 
Crooked Rive r  
P l e a s a n t v i e w  Swamp 3 
I n d i a n  R i v e r  Spreads  
Crooked R i v e r  
I n d i a n  R i v e r  Spreads  
Cheboygan Marsh 
The same d i s s o l v e d  c h e m i c a l s  a r e  b e i n g  measured  i n  w e t -  
l a n d  g roundwate r ,  t e r r e s t r i a l  ecosys tems and t h e  l a k e s  t o  h e l p  
d e t e r m i n e  whe the r  t h e  w e t l a n d s  a r e  s o u r c e s  o r  s i n k s  f o r  d i s -  
s o l v e d  c h e m i c a l s .  
The sample s i t e s  were d i s t r i b u t e d  among t h e  ma jo r  vege -  
t a t i o n  t y p e s  t o  d e t e r m i n e  whe the r  t h e r e  i s  a  c o r r e l a t i o n  b e -  
tween t h e  v e g e t a t i o n  t y p e  and t h e  c o n c e n t r a t i o n  o f  one o r  more 
o f  t h e  d i s s o l v e d  c h e m i c a l s  i n  t h e  groundwater  n e a r  t h e  s u r f a c e .  
I f  such  r e l a t i o n s h i p s  a r e  found ,  t h e  v e g e t a t i o n  c o u l d  b e  used  
a s  a  c r u d e  i n d i c a t o r  o f  t h e  d i s s o l v e d  c h e m i c a l s  i n  t h e  ground-  
w a t e r  n e a r  t h e  s u r f a c e  i n  t h e  two-county s t u d y  a r e a .  T h i s  
would g r e a t l y  f a c i l i t a t e  p r e l i m i n a r y  s u r v e y s  o f  t h e  e f f e c t s  
o f  p a r t i c u l a r  w e t l a n d s  on l a k e  w a t e r  q u a l i t y  i n  c o n n e c t i o n  w i t h  
l a n d  u s e  p l a n n i n g  and c o u l d  be  u s e d  t o  h e l p  s e l e c t  sample  s i t e s  
f o r  d e t a i l e d  s t u d i e s .  
The f o l l o w i n g  methods a r e  used  i n  c o l l e c t i n g  groundwater  
samples  a t  each  s i t e ,  1S2 t o  30.5 cm below t h e  s o i l  s u r f a c e .  
The p o i n t s  a t  which t h e  i n d i v i d u a l  samples  a r e  t a k e n  a t  each  
s i t e  a r e  s e l e c t e d  v i s u a l l y  a s  b e i n g  r e p r e s e n t a t i v e  o f  t h e  s i t e  
( judgement  s a m p l e ) .  A t  each  p o i n t ,  a l l  v a s c u l a r  p l a n t  s p e c i e s  
p r e s e n t  w i t h i n  a  r a d i u s  o f  a p p r o x i m a t e l y  6 m (20 f t )  a r e  r e -  
c o r d e d .  A commercial  w e l l  p o i n t  w i t h  a  15.2 cm (6  i n )  l o n g  
i n t a k e  s c r e e n  i s  p l a c e d  i n t o  t h e  ground s o  t h a t  t h e  t o p  o f  t h e  
s c r e e n  i s  1 5 . 2  cm ( 6  i n )  below t h e  s u r f a c e  and t h e  bo t tom i s  
30 .5  cm (12 i n )  below t h e  s u r f a c e .  I f  t h e  s o i l  i s  wet and 
l o o s e ,  t h e  w e l l  p o i n t  i s  pushed g e n t l y  t o  t h e  d e s i r e d  d e p t h .  
I f  t h e  s o i l  i s  dense  o r  d r y  a t  t h e  s u r f a c e ,  a  p i e c e  o f  s t o v e -  
p i p e  i s  d r i v e n  i n t o  t h e  ground t o  a  d e p t h  o f  30 .5  cm ( 1 2  i n ) ,  
t h e  s o i l  i n s i d e  t h e  p i p e  removed, t h e  p i p e  p u l l e d  up t o  a 
d e p t h  o f  1 5 . 2  cm ( 6  i n ) ,  and t h e  w e l l  p o i n t  p l a c e d  i n  t h e  ten- 
t e r  o f  t h e  h o l e  s o  t h a t  i t  i s  f i r m l y  s e a t e d ,  The 
c o l l e c t i o n  t r a i n  i s  t h e n  assembled  a s  shown i n  F i g u r e  2 5 .  
Water i s  pumped from t h e  w e l l  u n t i l  i t  f lows c l e a r .  D u p l i c a t e  
samples  a r e  t h e n  c o l l e c t e d  f o r  a n a l y s i s  f o r  1 )  d i s s o l v e d  oxy- 
gen 2) a l k a l i n i t y  and pH, and 3) d i s s o l v e d  c h e m i c a l s .  The 
samples  f o r  d i s s o l v e d  c h e m i c a l s  a r e  c o l l e c t e d  i n  8  oz .  p o l y -  
e t h y l e n e  b o t t l e s  which a r e  immedia te ly  p u t  on i c e .  They a r e  
f i l t e r e d  t h r o u g h  a  m i l l i p o r e  f i l t e r  ( 0 . 4 5 ~ )  i n  t h e  l a b o r a t o r y  
a s  soon a s  p o s s i b l e ,  b u t  a lways w i t h i n  1 2  hours  o f  c o l l e c t i o n ,  
and t h e n  f r o z e n  u n t i l  t i m e  p e r m i t s  f u r t h e r  a n a l y s i s .  Dis- 
s o l v e d  oxygen,  a l k a l i n i t y ,  and pH measurements a r e  comple ted  
i n  t h e  l a b o r a t o r y  w i t h i n  1 2  h o u r s  o f  c o l l e c t i o n .  
P r e l i m i n a r y  r e s u l t s  f o r  some p r o p e r t i e s  o f  t h e  ground w a t e r  
aye  g i v e n  i n  T a b l e  1 9 .  R e s u l t s  f o r  most o f  t h e  d i s s o l v e d  
c h e m i c a l s  a r e  n o t  y e t  a v a i l a b l e  b e c a u s e  t h e  samples  have n o t  
been  c o m p l e t e l y  a n a l y z e d .  The pH v a l u e s  showed t h a t  a l l  open 
bog s i t e s  were s t r o n g l y  a c i d ,  w h i l e  t h e  pH i n  t h e  r ema in ing  
v e g e t a t i o n  t y p e s  was n e a r  n e u t r a l i t y .  The a l k a l i n i t y  i n  open 
bog s i t e s  was z e r o  w h i l e  i n  t h e  r ema in ing  v e g e t a t i o n  t y p e s  i t  
r anged  from 7 5  t o  180 mg/l  CaCO w i t h  no d i s c e r n i b l e  r e l a t i o n -  3  
s h i p  be tween v e g e t a t i o n  t y p e  and a l k a l i n i t y ,  I n  Maple Bay 
Swamp and i n  t h e  s e d g e  meadow on t h e  Crooked R i v e r ,  one sam- 
p l e  o f  t h e  t h r e e  had  a  v e r y  h i g h  a l k a l i n i t y  o f  430 mg/l  CaCO 3  ' 
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These ex t reme v a l u e s  a r e  n o t  i n c l u d e d  i n  t h e  a v e r a g e  v a l u e s  
g i v e n  i n  Tab le  1 9 .  The h i g h  v a l u e s  may be  due t o  t h e  p r e s -  
ence  o f  mar l  a t  t h e  1 5 . 2  t o  30 .5  cm (6-12 i n )  d e p t h  i n  t h e  s o i l .  
A l l  s i t e s  e x c e p t  t h e  c a t t a i l  marsh had  v e r y  low c o n c e n t r a -  
t i o n s  o f  d i s s o l v e d  oxygen. S e v e r a l  were t o t a l l y  a n a e r o b i c  
w h i l e  a l l  o f  t h e  o t h e r s  c o n t a i n e d  l e s s  t h a n  0 . 2 5  m g / l .  D i s -  
s o l v e d  oxygen v a l u e s  were n o t  o b t a i n e d  a t  some s i t e s  b e c a u s e  
v e r y  s low f low r a t e s  from t h e  s a t u r a t e d  s o i l  i n t o  t h e  w e l l  
made t h e  c o l l e c t i o n  o f  samples  uncon tamina ted  w i t h  a t m o s p h e r i c  
oxygen e x t r e m e l y  d i f f i c u l t  and e x c e s s i v e l y  t i m e  consuming. The 
d i s s o l v e d  oxygen v a l u e s  f o r  t h e  Cheboygan Marsh were s u r p r i s i n g l y  
low,  s i n c e  by midmorning t h e  p h o t o s y n t h e t i c  a c t i v i t y  o f  t h e  
abundant  p h y t o p l a n k t o n  c o u l d  be  e x p e c t e d  t o  r e p l a c e  oxygen d e -  
p l e t e d  d u r i n g  t h e  n i g h t .  
The p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  w i t h  r e s p e c t  t o  t h e  
p a r a m e t e r s  s t u d i e d ,  t h e  open bog has  un ique  pH and a l k a l i n i t y  
v a l u e s  and t h a t  t h e  p r e s e n c e  o f  open bog v e g e t a t i o n  may b e  u s e d  
a s  a  c r u d e  i n d i c a t o r  o f  low pH and z e r o  a l k a l i n i t y .  No a p p a r -  
e n t  r e l a t i o n s h i p s  e x i s t  between t h e  r ema in ing  v e g e t a t i o n  t y p e s  
and any o f  t h e  p a r a m e t e r s  examined. 
D .  SOCIAL 
Work on t h e  s o c i a l  s c i e n c e  p o r t i o n  o f  t h e  Nor the rn  Mich- 
i g a n  Env i ronmenta l  Program began i n  J a n u a r y ,  1974 and has  p r o -  
g r e s s e d  a c c o r d i n g  t o  s c h e d u l e  o v e r  t h e  ten-month  p e r i o d  which 
h a s  e l a p s e d .  Our i n i t i a l  t a s k  aimed a t  expanding  t h e  s t u d y  
o b j e c t i v e s  s e t  f o r t h  i n  t h e  o r i g i n a l  p r o p o s a l .  T h i s  was a c -  
compl i shed  by means o f  a  more e x t e n s i v e  a s sessmen t  o f  t h e  p r o b -  
lems f a c i n g  t h e  r e g i o n .  Al though we were  f a m i l i a r  w i t h  many 
o f  t h e  c o n c e r n s  o f  n o r t h e r n  Michigan r e s i d e n t s  a s  a  r e s u l t  o f  
o u r  e a r l y  work d u r i n g  t h e  p i l o t  phase  o f  t h e  program, we con-  
t i n u e d  t o  conduc t  m e e t i n g s  w i t h  p e o p l e  i n  t h e  two-county  a r e a  
and o t h e r s  conce rned  a b o u t  i t s  f u t u r e  growth and development .  
Beg inn ing  i n  e a r l y  w i n t e r  and c o n t i n u i n g  th rough  t h e  summer 
months ,  a  s e r i e s  o f  m e e t i n g s  were  h e l d  w i t h  t h e  p rogram ' s  
User  Committee,  r e p r e s e n t a t i v e s  o f  s e v e r a l  l a k e  a s s o c i a t i o n s ;  
t h e  S t e e r i n g  Committee,made up o f  p r o f e s s i o n a l s  and t e c h n i c a l  
p e r s o n n e l  who cou ld  e v a l u a t e  t e c h n i c a l  a s p e c t s  o f  t h e  r e s e a r c h  
and f i n a l l y ,  w i t h  s t a f f  members o f  t h e  Water Resources  Com- 
m i s s i o n  and t h e  Land Use P l a n n i n g  D i v i s i o n  o f  t h e  Department  
of  N a t u r a l  Resources  i n  Lans ing .  A t  t h e  same t ime  we were 
a b l e  t o  r ev iew o t h e r  s t u d i e s  c o v e r i n g  s i m i l a r  problem a r e a s  
and e x p l o r e  v a r i o u s  f a c e t s  t h a t  c o u l d  c o n c e i v a b l y  b e  i n v e s t i -  
g a t e d  a s  p a r t  o f  o u r  s t u d y .  
A s  a r e s u l t  o f  t h e  m e e t i n g s  and t h e  more e x t e n s i v e  l i t-  
e r a t u r e  r e v i e w ,  new i n s i g h t s  were g a i n e d  a s  t o  t h e  a d d i t i o n a l  
s u b j e c t  a r e a s  t h a t  might  be  i n v e s t i g a t e d  and some s p e c i f i c  
q u e s t i o n s  t h a t  might  be  a d d r e s s e d .  Two i s s u e s  which emerged 
were t h e  p u b l i c ' s  p e r c e p t i o n  of t h e  r o l e  o f  l o c a l  government  
i n  p l a n n i n g  and managing growth and development ;  and p e r c e p t i o n s  
o f  t h e  e n v i r o n m e n t a l ,  economic and s o c i a l  impac t s  o f  d i f f e r e n t  
t y p e s  of  r e g i o n a l  growth .  
A d i s c u s s i o n  o f  each  p h a s e  o f  t h e  s u r v e y  f o l l o w s . "  
SAMPLING 
During t h e  i n i t i a l  p h a s e  o f  t h e  p r o j e c t ,  c a r e f u l  a t t e n -  
t i o n  was g i v e n  t o  t h e  s p e c i f i c  p o p u l a t i o n  t h a t  would b e  i n -  
v e s t i g a t e d .  I t  s h o u l d  be  n o t e d  t h a t  d u r i n g  t h e  p r o p o s a l  d e -  
velopment  s t a g e  m o d i f i c a t i o n s  were made i n  o u r  approach  t o  
sampl ing  based  on comments of  t h e  NSF/RANN rev iew commit tee .  
R a t h e r  t h a n  s e l e c t i n g  a  sample o f  100 househo lds  from each  o f  
t h e  l a r g e  l a k e s  i n  t h e  r e g i o n ,  a  p r o b a b i l i t y  sample  p r o p o r -  
t i o n a l  t o  s i z e  o f  a l l  l a k e s  was s e l e c t e d .  I n  t h i s  way, we 
w i l l  be  a b l e  t o  c h a r a c t e r i z e  r e s p o n s e s  f o r  t h e  e n t i r e  s t u d y  
a r e a  a s  w e l l  a s  make between-lake compar i sons .  F u r t h e r  modi- 
f i c a t i o n s  were made a f t e r  commencing work. S p e c i f i c a l l y ,  we 
d e c i d e d  t h a t  i n  a d d i t i o n  t o  i n l a n d  l a k e  r e s i d e n t s ,  we would 
i n v e s t i g a t e  t h e  a t t i t u d e s  and b e h a v i o r  o f  p e o p l e  l i v i n g  on 
o r  v i s i t i n g  t h e  n a v i g a b l e  r i v e r s  i n  t h e  two-county  a r e a .  T h i s  
p r o c e d u r e  would a l l o w  us  t o  i n c l u d e  r e s p o n s e s  from p e o p l e  
l i v i n g  i n  p l a c e s  undergo ing  r a p i d  development .  These  p e o p l e  
a r e  a l s o  l a k e - o r i e n t e d  s i n c e  t h e  r i v e r s  i n  t h e  r e g i o n  p r o -  
v i d e  a c c e s s  t o  n e a r l y  a l l  l a k e s .  Our sample d e s i g n  e n a b l e s  
us  t o  compare r e s p o n s e s  o f  p e o p l e  on t h e  ma jo r  l a k e s  w i t h  
each  o t h e r  a s  w e l l  a s  w i t h  p e o p l e  a l o n g  t h e  r i v e r s .  
I n  a d d i t i o n  t o  comparing l a k e  and r i v e r  r e s i d e n t s ,  we 
were a l s o  i n t e r e s t e d  i n  comparing r e s p o n s e s  o f  p e o p l e  l i v i n g  
on different types of lakes. The lakes may be diffe~entiated 
from each other by their size and depth, w a t e ~  quality, and 
the particular political jurisdiction (county) within which 
each falls. The objective of between lake comparisons ac- 
cording to these specific characteristics guided our approach 
to sample design. 
As a first step in designing the sample, we needed an 
estimate of the total number of households around each lake 
and river in the two-county area. Using aerial photographs 
provided by USDA Agricultural Stabilization and Conservation 
Service, household counts were recorded for each lake and 
river. These counts were then mapped and divided into seg- 
ments of approximately 12, 24, or 36 depending on the loca- 
tion of identifiable landmarks on the photographs. It had 
been determined earlier that sampling, interviewing and ob- 
jective data collection would take place in clusters of 12 
housing units so as to minimize study costs and have a sub- 
stantial base for certain cluster comparisons on specific 
responses. 
Working with the sketch maps depicting clusters contain- 
ing 12 or multiples of 12 housing units, a sample across all 
lakes and rivers in the two-county area was drawn with the 
objective of gathering approximately 800 interviews. This 
probability sample identified the specific lakes and rivers and 
the segments on each of them from which our interviews would 
be taken. The housing units in the selected Clusters were 
then listed in detail by driving through the area and count- 
ing houses. In this way, we were able to obtain a precise 
number of households on the ground and, at the same time, 
identify precisely the location, address or other identifying 
characteristics for the interviewers. With these detailed 
listings, the sample was then revised and listing sheets were 
prepared for approximately 1220 households. This represents 
roughly 20 percent of the total number of households around 
the lakes and rivers in the two-county area. After taking in- 
to account vacancies and estimated refusals,the sample of 1300 
households was expected to yield approximately 800 interviews. 
DESIGNING THE INSTRUMENTS 
After our initial meetings with the user groups, the 
steering committee, lake association members and the DNR 
representatives, we began to design the questionnaire and the 
instruments to be used in collecting environmental data. Given 
the variety of topics that were to be investigated, our first 
task was to design a sequence of questions for each of the dif- 
ferent groups that would fall in our sample. Specifically, the 
major groups of respondents whose attitudes and behaviors we 
were interested in identifying were year-round owners, seasonal 
owners, year-round renters and seasonal renters. The first 
part of our questionnaire, therefore, was designed to classify 
respondents according to these different tenure status. From 
that point, questions followed the major topical areas we 
wanted to understand for each group. For owners, these in- 
cluded people's assessments of community services and taxes, 
their feelings about their particular neighborhood and lake 
conditions, their attitudes toward local government, their 
assessment of their individual dwelling and the land assoc- 
iated with it and, finally, their use of leisure and non- 
leisure time. For renters who were seasonal, we asked about 
their reasons for coming to northern Michigan, their use of 
the area during non-summer months and their expectations for 
acquiring property in the future. Additional background char- 
acteristics covering all respondents were also obtained. 
The first draft of the questionnaire was pretested in 
early May. Thirty questionnaires were administered to people 
living in southeastern Michigan who either a) owned property 
on a lake or river in northern Michigan in places other than 
Emmet and Cheboygan counties, b) had visited a cottage or home 
in northern Michigan, or c) were living on a lake or river in 
southeastern Michigan. The purpose of the initial pretest was 
to examine the suitability and sequencing of the specific ques- 
tions that we had designed. Following the pretest, the ques- 
tionnaire was revised and condensed. Two weeks later a second 
pretest questionnaire was administered to residents on lakes 
in Emmet and Cheboygan counties in locations outside of our 
sample segments.' Additional revisions were made as a result of 
this effort. A final questionnaire was sent to the printers on 
June 7, one week prior to the beginning of our interviewer 
training. 
In addition to the household questionnaire, data was col- 
lected on 1) characteristics of the residential properties cov- 
ered by the household sample 2) the availability of specific 
recreation facilities, convenience shopping, public access sites 
and major commercial centers 3) characteristics of the lakes 
and rivers determined by the limnologists,and 4) rates of 
growth in various parts of our study area. Growth rates are 
based on 1960 and 1970 census data and records of septic tank 
permits issued in Emmet and Cheboygan counties for the period 
from 1970 to 1974. 
Procedures were developed for gathering and quantifying 
the above data so they could be analyzed in connection with re- 
sponses elicited from our sample of households. 
CONDUCTING INTERVIEWS 
After finalizing of the questionnaire we began to identify, 
hire and train people living in the two-county area as our in- 
terviewers. Contacts with local clergy, school superintendents 
and advertisements in several newspapers produced nearly 40 
applicants. Beginning on June 10, 27 area residents began a 
one-week period of intensive training on interviewing proce- 
dures and questionnaire administration. Toward the end of that 
week sample listings of households were distributed to inter- 
viewers based on proximity to their place of residence. From 
June 15 through August 28, 829 interviews were conducted from 
our sample. 
CODE DEVELOPMENT AND DATA PREPARATION 
Shortly after the interviewing began,the research staff 
prepared draft codes for the questionnaire. The codes were com- 
pleted after reviewing the first 50 or so questionnaires that 
were returned by our interviewers. When about 200 questionnaires 
were accumulated,six coders were trained and began the process 
o f  c o d i n g .  A s  o f  mid -Oc tobe r ,  a l l  q u e s t i o n n a i r e s  had  been 
coded.  Keypunching i s  now i n  p r o c e s s .  A t  t h e  same t i m e ,  e n -  
v i r o n m e n t a l  d a t a  was t imed  t o  c o i n c i d e  w i t h  t h e  comple t ion  o f  
i n t e r v i e w  c o d i n g .  
NEXT STEPS DURING THE GRANT PERIOD 
Dur ing  t h e  n e x t  f i v e  months o f  t h e  i n i t i a l  g r a n t  p e r i o d ,  
ma jo r  e f f o r t s  w i l l  be  devo ted  t o  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  
o f  o u r  d a t a .  We a r e  a l l o w i n g  t h e  p e r i o d  from 1 5  October  t o  1 5  
November f o r  b u i l d i n g  our  computer  f i l e s  c o v e r i n g  e n v i r o n m e n t a l  
d a t a ,  l a k e  c h a r a c t e r i s t i c s ,  and i n d i v i d u a l  r e s p o n s e s .  By e a r l y  
December, we e x p e c t  t o  have  i n i t i a l  r u n s  c o v e r i n g  d e s c r i p t i v e  
c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n .  These d a t a  w i l l  b e  p r e s e n t e d  
i n  t h e  Env i ronmenta l  P rogram ' s  n e w s l e t t e r  s c h e d u l e d  f o r  e a r l y  
n e x t  y e a r .  E s s e n t i a l l y ,  i n f o r m a t i o n  w i l l  b e  a v a i l a b l e  on t h e  
p r o p o r t i o n  o f  owners,  r e n t e r s  and y e a r - r o u n d  s e a s o n a l s  who a r e  
l i v i n g  i n  t h e  two-coun ty  a r e a s  and on each  o f  t h e  l a k e s  and r i -  
v e r s .  We w i l l  a l s o  know who moved t o  t h e s e  a r e a s  i n  n o r t h e r n  
Michigan  from d i f f e r e n t  p a r t s  of  t h e  s t a t e  and t h e  r e a s o n s  t h e y  
came. D e s c r i p t i v e  d a t a  w i l l  a l s o  b e  a v a i l a b l e  on c h a r a c t e r i s -  
t i c s  o f  r e s i d e n t i a l  p r o p e r t i e s  i n c l u d i n g  t h e i r  s i z e ,  marke t  v a l -  
u e ,  e t c .  O the r  d e s c r i p t i v e  i n f o r m a t i o n  on p e o p l e ' s  u s e  o f  t ime  
and t h e i r  a t t i t u d e s  towards  s p e c i f i c  e n v i r o n m e n t a l  and growth 
i s s u e s  w i l l  be  cove red  i n  t h e  n e w s l e t t e r .  The p e r i o d  from De- 
cember t h r o u g h  F e b r u a r y  w i l l  b e  devo ted  t o  f u r t h e r  d a t a  a n a l y s i s  
and i n i t i a l  w r i t i n g  o f  a  f i r s t  t e c h n i c a l  r e p o r t .  Dur ing  t h i s  
p e r i o d ,  i t  i s  a n t i c i p a t e d  t h a t  m e e t i n g s  w i l l  t a k e  p l a c e  w i t h  
i n d i v i d u a l s  f rom t h e  u s e r s  group who p o t e n t i a l l y  w i l l  have  u r -  
g e n t  need  f o r  o u r  f i n d i n g s .  We hope t h a t  t h e  m e e t i n g s  w i l l  
help in determining the direction for our subsequent analy- 
sis. At the same time, the meetings will inform v a ~ i o u s  users 
of the data about their potential with respect to planning 
and management. 
V .  UTILIZATION 
BACKGROUND 
The g o a l  o f  o u r  r e s e a r c h  program i s  t o  m a i n t a i n  and 
improve e n v i r o n m e n t a l  and e n v i r o n m e n t a l l y  r e l a t e d  s o c i a l  
q u a l i t y  i n  n o r t h e r n  Michigan and e l s e w h e r e ,  i n s o f a r  a s  our  
r e s e a r c h  i s  a p p l i c a b l e .  The s u c c e s s  of t h i s  g o a l  depends a s  
much upon t h e  u t i l i z a t i o n  of  knowledge a s  it d o e s  upon t h e  
development  of new i n f o r m a t i o n  by p r o j e c t  r e s e a r c h .  There -  
f o r e ,  t h i s  program has  a lways  had a  v e r y  s t r o n g  u t i l i z a t i o n  
e f f o r t  s i n c e  i t s  a p p l i c a t i o n  i n  J u n e ,  1972.  
N o r t h e r n  Michigan i s  e s s e n t i a l l y  a  homogeneous r e g i o n .  
I t  i s  a  r u r a l ,  s p a r s e l y  p o p u l a t e d  a r e a  w i t h  s m a l l  c i t i e s  and 
towns ,  s c a t t e r e d  f a r m s ,  many l a k e s  and wooded a r e a s .  The 
economy h a s  a lways  been  r e l a t i v e l y  d e p r e s s e d  compared t o  t h e  
r i c h e r  fa rm l a n d s  t o  t h e  s o u t h .  I t  has  f o r  g e n e r a t i o n s  been  
t h e  summer "p layground"  f o r  t h e  more a f f l u e n t  from t h e  u r b a n  
c e n t e r s  i n  lower  Michigan and a d j a c e n t  s t a t e s .  Al though much 
of  t h e  economy i n  n o r t h e r n  Michigan i s  g e a r e d  t o  t h e s e  "summer 
peop le"  a s  t h e y  a r e  l o c a l l y  t e rmed ,  and much of  t h e  commercial  
p r o p e r t y  i s  e i t h e r  owned by o r  o r i e n t e d  t o  t h e s e  n o n - r e s i d e n t s ,  
t h e  r e g i o n a l  " d e c i s i o n - m a k e r s "  o r  " i n f l u e n t i a l s "  a r e  s t i l l  
dominated  by l o c a l  p e o p l e .  Communications w i t h  t h e s e  l o c a l  
d e c i s i o n - m a k e r s  and c i t i z e n s  a t  a l l  l e v e l s  has  been  our  p r imary  
u t i l i z a t i o n  e f f o r t  t o  d a t e .  We have c o n t i n u a l l y  a sked  t h e s e  
p e o p l e  f o r  g u i d a n c e  t o  a r e a s  of  g r e a t e s t  need w h i l e  encourag ing  
them t o  u s e  our  p r o j e c t  i n f o r m a t i o n  a s  it becomes a v a i l a b l e .  
We a r e  f i r m l y  convinced  t h a t  t h e  u t i l i z a t i o n  o f  new n a t u r a l  
r e s o u r c e  i n f o r m a t i o n  w i l l  n o t  o c c u r ,  i n  t h i s  r e g i o n  a t  l e a s t ,  
w i t h o u t  l o c a l  a c c e p t a n c e  of  t h e  p r o j e c t .  C i t i z e n s  from 
n o r t h e r n  Michigan have a lways  had a  b a s i c  d i s t r u s t  of  g o v e r n -  
men t s ,  management schemes and i n f o r m a t i o n  o r i g i n a t i n g  from 
"down-s t a t e" .  T h i s  i s  a n  a t t i t u d e  t h a t  p r e v a i l s  i n  many predom- 
i n a n t l y  r u r a l  a r e a s  i n  t h e  Uni t ed  S t a t e s .  I t  i s  t h e i r  
b e l i e f ,  o f t e n  j u s t i f i e d ,  t h a t  t h e y  a r e  b e i n g  m a n i p u l a t e d  f o r  
t h e  b e n e f i t  o f  t h o s e  who do n o t  r e s i d e  pe rmanen t ly  i n  t h e  
r e g i o n .  Recogniz ing  t h i s  a t t i t u d e  e a r l y ,  w e h v e  c o n t i n u a l l y  
s t r e s s e d  l o c a l  r e l a t i o n s h i p s  of t h e  p r o j e c t .  We have worked 
ha rd  a t  d e v e l o p i n g  a  c l i m a t e  o f  a c c e p t a n c e ,  c r e d i b i l i t y  and 
r e c e p t i v i t y  among l o c a l  c i t i z e n s  f o r  o u r  p r o j e c t  and i t s  i n -  
f o r m a t i o n .  T h i s  does  n o t  mean we have i g n o r e d  t h e  r e g i o n a l  and 
s t a t e  n a t u r a l  r e s o u r c e  managers ,  b u t  t h e  p r i m a r y  e f f o r t  t o  
d a t e  has  been t o  b u i l d  a  s t r o n g  l o c a l  f o u n d a t i o n  of  a c c e p t a n c e  
upon which we expec t  t o  b u i l d  and d i f f u s e  i n f o r m a t i o n a l  l i n k s  
t o  t h e  o t h e r ,  more widespread  " u s e r s " .  
T h i s  e f f o r t  has  i n v o l v e d  a l l  menbers of t h e  p r o j e c t  s t a f f ,  
b u t  by n e c e s s i t y  i t  c e n t e r e d  around t h o s e  l i v i n g  and working 
a t  t h e  B i o l o g i c a l  S t a t i o n  on a  permanent b a s i s .  For t h e  f i r s t  
y e a r ,  t h i s  l o c a l  e f f o r t  was l e d  by D r .  John  E .  Gannon. John 
had t h e  g r e a t  a d v a n t a g e  of  b e i n g  i n t i m a t e l y  f a m i l i a r  w i t h  t h e  
r e g i o n  and i t s  p e o p l e  t h r o u g h  y e a r s  of  r e s i d e n c e  and s t u d y .  He 
was t h e r e f o r e  q u i c k l y  a b l e  t o  e s t a b l i s h  r a p p o r t  and communica- 
t i o n s  w i t h  t h e  l o c a l  c i t i z e n s .  Ne developed many e x c e l l e n t  
c o n t a c t s  w i t h  which we have  been a b l e  t o  b u i l d  upon. With 
t h e  second y e a r  of  t h e  p r o j e c t ,  u t i l i z a t i o n  e f f o r t  was f o r -  
m a l l y  a s s i g n e d  t o  o u r  P u b l i c  I n f o r m a t i o n  S c i e n t i s t ,  Wi l l iam 
L .  F o s t e r .  M r .  F o s t e r  a l s o  had t h e  d e c i d e d  a d v a n t a g e  of 
b e i n g  a  l o c a l  r e s i d e n t  f o r  y e a r s .  P r i o r  t o  h i s  a s s ignment  
on t h i s  p r o j e c t  he was a  w e l l  r e s p e c t e d  t e a c h e r  of  b i o l o g y  
a t  a  l o c a l  h i g h  s c h o o l .  B i l l  was a b l e  t o  p i c k  up e a s i l y  on 
t h e  l i n e s  of  communicat ion a l r e a d y  e x i s t e n t  and he soon deve loped  
many new c o n t a c t s  a s  t h e  program p r o g r e s s e d .  
Al though we c a n  p o i n t  t o  numerous examples of " u t i l i z a t i o n "  
a l r e a d y  spawned by t h i s  p r o j e c t ,  ( s e v e r a l  w i l l  be d e s c r i b e d  
i n  d e t a i l  l a t e r  i n  t h i s  r e p o r t ) ,  t h e  p r imary  e f f o r t  t o  d a t e  
h a s  been  one of  communicat ion l e a d i n g  t o  a  r e c e p t i v e  c l i m a t e  
f o r  e v e n t u a l  u t i l i z a t i o n  of  t h e  s c i e n t i f i c  i n f o r m a t i o n  j u s t  
now b e i n g  made a v a i l a b l e  by t h e  r e s e a r c h  programs.  During 
t h e  r e m a i n i n g ,  f i n a l  e f f o r t s  of t h e  p r o j e c t ,  s t r e s s  w i l l  be 
p l a c e d  upon t h i s  u t i l i z a t i o n  of  knowledge from t h e  r e s e a r c h  
program,  and communicat ion e f f o r t s  w i l l  e a s e .  These e f f o r t s  
w i l l  be  gu ided  5 y . t h e  C e n t e r  f o r  Resea rch  on U t i l i z a t i o n  of 
S c i e n t i f i c  Knowledge (CRUSK) o f  t h e  I n s t i t u t e  of  S o c i a l  Re- 
s e a r c h  o f  t h e  U n i v e r s i t y  o f  Michigan .  
From t h e  p r o g r e s s  t o  d a t e ,  we a r e  c o n f i d e n t  t h a t  o u r  
u t i l i z a t i o n  e f f o r t s  w i l l  b e  h i g h l y  s u c c e s s f u l ,  e s p e c i a l l y  i n  t h e  
l o c a l  r e g i o n .  We have t h e  advan tage  of  working i n  a  r e g i o n  w i t h  
a  r e l a t i v e l y  s p a r s e  p o p u l a t i o n ,  who have an awareness  of t h e  
d a n g e r s  of  e n v i r o n m e n t a l l y  d e g r a d i n g  development  t o  a  
g e n e r a l l y  h i g h  q u a l i t y  n a t u r a l  env i ronment .  Our u l t i m a t e  
o b j e c t i v e  i s  t o  p r e s e n t  t h i s  r e g i o n  a s  a  "model" t o  which 
o t h e r  r e g i o n s  w i t h  s i m i l a r  problems can  r e f e r .  E f f o r t s  and 
r e s u l t s  t o  d a t e  a r e  r e p o r t e d  below: 
USER COMMITTEE 
One of t h e  f i r s t  j obs  of t h e  P u b l i c  I n f o r m a t i o n  S c i e n t i s t  
was t o  compi l e  a n  o r g a n i z e d  l i s t  o f  p o t e n t i a l  " u s e r s M . o f  
n a t u r a l  r e s o u r c e  i n f o r m a t i o n .  Over 3 0 0  names, p o s i t i o n s ,  
a d d r e s s e s  and t e l e p h o n e  numbers were a s sembled ,  i n c l u d i n g  
c o u n t y ,  c i t y ,  township  and v i l l a g e  o f f i c e r s ;  S t a t e  Department  
of N a t u r a l  Resources  s t a f f ;  l a k e  a s s o c i a t i o n  r e p r e s e n t a t i v e s  
and i n t e r e s t e d  and i n f l u e n t i a l  c i t i z e n s .  
T h i s  l i s t  was d i s t r i b u t e d  t o  p r o j e c t  s t a f f  t o  a q u a i n t  
them w i t h  t h e s e  "dec i s ion -makers"  and t o  p r o v i d e  q u i c k  r e -  
f e r e n c e  f o r  c o n t a c t .  A r e v i s i o n  of  t h i s  l i s t  i s  now u n d e r -  
way i n  r e s p o n s e  t o  new a p p o i n t m e n t s ,  r e c e n t  e l e c t i o n s  and 
a  b e t t e r  u n d e r s t a n d i n g  of  a r e a  i n f l u e n t i a l s .  From t h i s  l i s t  
we developed o u r  "User Committee" composed o f  c a r e f u l l y  s e -  
l e c t e d  r e p r e s e n t a t i v e s .  Each p e r s o n  s e l e c t e d  h a s  a s p e c i f i c  
r o l e  i n  n a t u r a l  r e s o u r c e  d e c i s i o n  making p r o c e s s e s .  T h i s  3 6  
p e r s o n  committee has  township  o f f i c e r s ,  coun ty  commiss ione r s ,  
p l a n n i n g  commiss ione r s ,  zoning  a d m i n i s t r a t o r s ,  d i s t r i c t  s a n i -  
t a r i a n s ,  e x t e n s i o n  d i r e c t o r s ,  s t a t e  f o r e s t e r s ,  b i o l o g i s t s ,  
s o i l  c o n s e r v a t i o n i s t s ,  w a t e r  r e s o u r c e  managers ,  coun ty  and r e -  
g i o n a l  p l a n n e r s ,  l a k e  a s s o c i a t i o n  o f f i c e r s  and i n t e r e s t e d  and 
i n f l u e n t i a l  c i t i z e n s .  
T h i s  Committee was a s k e d ,  i n d i v i d u a l l y  and a s  a  g r o u p ,  t o  
i n t e r a c t  w i t h  o u r  p r o j e c t  s t a f f .  We looked t o  t h i s  Committee 
f o r  g u i d a n c e  and d i r e c t i o n  on r e s e a r c h  problem s e l e c t i o n  and 
u t i l i z a t i o n  p r o c e d u r e s .  I n  f a c t ,  ou r  c u r r e n t  r e s e a r c h  o b j e c t i v e s  
were  f o r m u l a t e d  l a r g e l y  upon comments and c r i t i c i s m s  r e c e i v e d  
a t  t h e  e a r l i e s t  "User" m e e t i n g ,  d u r i n g  t h e  p i l o t  phase  of t h i s  
p r o j e c t .  
S e v e r a l  a l l - d a y  m e e t i n g s  w i t h  t h i s  Committee were h e l d  
a t  t h e  B i o l o g i c a l  S t a t i o n .  The fo rma t  always i n c l u d e d  ample 
t i m e  f o r  d i s c u s s i o n  and comments by t h e  Committee members. 
T h i s  "feedback" t o  o u r  p r o j e c t  s c i e n t i s t s  from p e o p l e  conce rned  
w i t h  p r a c t i c a l  r e s o u r c e  management problems has  proved i n -  
v a l u a b l e .  These  m e e t i n g s  a l s o  a c t e d  a s  e x c e l l e n t  f o c a l  p o i n t s  
f o r  f u t u r e  communicat ions a n d , p e r h a p s  most i m p o r t a n t l y ,  i t  
gave  t h e  r e s o u r c e  managers a  chance  t o  i n t e r a c t  w i t h  a  s c i e n -  
t i f i c  p r o j e c t  d u r i n g  i t s  f o r m a t i v e  s t a g e s .  
One u n f o r e s e e n  b u t  e x t r e m e l y  s i g n i f i c a n t  s p i n o f f  of  t h e s e  
m e e t i n g s  was t h e  i n t e r a c t i o n  between r e s o u r c e  manangers ,  o f -  
f i c i a l s ,  and c i t i z e n s  o f  t h e  two c o u n t i e s  and r e g i o n a l  commis- 
s i o n s .  D e s p i t e  c l o s e  g e o g r a p h i c  p r o x i m i t y  a t  t h e  v e r y  t i p  o f  
n o r t h e r n  lower  Michigan ,  a p p a r e n t l y  v e r y  l i t t l e  r e a l  communica- 
t i o n  e x i s t e d .  Those i n  a t t e n d a n c e  q u i c k l y  r e a l i z e d  t h a t  e n -  
v i r o n m e n t a l  problems do n o t  f o l l o w  p o l i t i c a l  b o u n d a r i e s .  P l a n n e r s ,  
e x t e n s i o n  a g e n t s ,  s a n i t a r i a n s ,  commiss ione r s ,  e t c .  s t a r t e d  t o  
i n t e r a c t  and communicate on t h e s e  r e g i o n a l  problems i n  a  new 
and c o n s t r u c t i v e  manner .  
A " F i e l d  Day" was h e l d  i n  A u g u s t ,  1974 t o  i n f o r m  t h e  
"User  Committee" more f u l l y  a b o u t  o u r  r e s e a r c h  p rog ram.  
T h i s  day  was d e s i g n e d  t o  emphas i ze  f i e l d  work by g i v i n g  
e a c h  p e r s o n  a  c h a n c e  t o  e x p e r i e n c e  f i e l d  d a t a  g a t h e r i n g  p r o -  
c e s s e s .  
T h i s  Commit tee  h a s  b e e n  t h e  s i n g l e  most  i m p o r t a n t  commu- 
n i c a t i v e  avenue  be tween  t h e  p r o j e c t  and  u s e r s .  I t  h a s  b e e n  
v i t a l  t o  t h e  p r o j e c t  i n  many ways ,  e s p e c i a l l y  i n  g u i d a n c e ,  
s t i m u l a t i o n  and  p e r s o n a l  c o n t a c t s  l e a d i n g  t o  a s s i s t a n c e  and 
c o o p e r a t i o n .  We p l a n  t o  c o n t i n u e  t h i s  Commit tee  a s  w e l l  a s  
s t r e n g t h e n  and b r o a d e n  i t s  membersh ip .  F u t u r e  m e e t i n g s  a r e  
a l r e a d y  p l a n n e d  f o r  1 9 7 5 .  
MICHIGAN DEPARTMENT OF NATURAL RESOURCES 
E x c e l l e n t  r a p p o r t  and communica t ion  h a s  d e v e l o p e d  be tween  
t h i s  p r o j e c t  and  t h e  D N R  Water Q u a l i t y  A p p r a i s a l  S e c t i o n .  Mr. 
J o h n  Rob inson ,  C h i e f  o f  t h e  S e c t i o n ,  and  D r .  Denn i s  T i e r n e y ,  
S u p e r v i s o r  o f  t h e  I n l a n d  Lake Management Group have  v i s i t e d  
t h e  S t a t i o n  many t i m e s  and we h a v e  met w i t h  them i n  L a n s i n g  a t  
t h e i r  o f f i c e s  s e v e r a l  t i m e s .  T h e s e  g r o u p s  i n  t h e  S t a t e  DNR a r e  
v i e w i n g  o u r  p r o j e c t  w i t h  g r e a t  i n t e r e s t ,  p a r t i c u l a r l y  i n  a s  
much a s  i t  nay  p r o v i d e  them w i t h  a  model  f o r  f u t u r e  i n l a n d  l a k e  
q u a l i t y  w a t e r  a p p r a i s a l  e f f o r t s  t h r o u g h o u t  t h e  e n t i r e  s t a t e .  
A s  a  means t o  f u r t h e r  communica t i ons  be tween  o u r  p r o j e c t  and  
t h e  D N R ,  we a c t i v e l y  e n c o u r a g e d  l o c a t i o n  o f  a  D N R  s t a f f  member 
a t  t h e  S t a t i o n ' s  L a k e s i d e  L a b o r a t o r y .  E a r l y  i n  1 9 7 4 ,  Mr. Remy 
P a t t y n  came t o  t h e  S t a t i o n  t o  b e g i n  t h e  e s t a b l i s h m e n t  of  
a  " S e l f - H e l p "  program f o r  w a t e r  q u a l i t y  a p p r a i s a l  of i n l a n d  
l a k e s .  ( B r i e f l y ,  t h e  D N R  "Se l f -He lp"  program i s  one i n  
which l o c a l  governments  o r  l a k e  a s s o c i a t i o n  members w i l l  
u s e ,  unde r  D N R  g u i d a n c e ,  m o n i t o r i n g  equipment t o  d e t e r m i n e  
i t h e  w a t e r  q u a l i t y  o f  t h e i r  l a k e .  Guidance t a k e s  s e v e r a l  
forms and i n c l u d e s  s e m i n a r s ,  i n s t r u c t i v e  b o o k l e t s  and l a y -  
o r i e n t e d  l a k e  e n v i r o n m e n t a l  p u b l i c a t i o n s .  The community 
must a g r e e  t o  p a r t i c i p a t e  f o r  a  minimum o f  t h r e e  y e a r s . )  
The p lacement  of  a  D N R  o f f i c e r  a t  ou r  f a c i l i t y  was a  m i l e -  
s t o n e  i n  c o o p e r a t i v e  e f f o r t s  between o u r  groups  and g r e a t l y  
f a c i l i t a t e d  communica t ion .  
The O f f i c e  o f  Land Use of  t h e  S t a t e  of  Michigan h a s  
been  an i m p o r t a n t  c o n t a c t  a t  t h e  s t a t e  l e v e l .  We have met 
w i t h  M r .  C a r l  H o s f o r d ,  D i r e c t o r  of t h e  O f f i c e  and h i s  s t a f f  
on s e v e r a l  o c c a s i o n s .  A r e c e n t  p u b l i c a t i o n  of  t h e  S t a t e  
Land Use O f f i c e  s p e l l e d  o u t  t h e  r e l a t i o n s h i p  between o u r  
e f f o r t s  . . .  
. . .  The Department  of  N a t u r a l  Resources  and t h e  U n i v e r s i t y  
o f  Michigan a r e  c o o p e r a t i n g  i n  s e v e r a l  a r e a s  of l a n d - u s e  
r e s e a r c h .  The D e p a r t m e n t s t  l a n d  agency i s  a  member of 
t h e  S t e e r i n g  Committee f o r  t h e  U n i v e r s i t y  o f  M i c h i g a n ' s  
N o r t h e r n  Michigan Env i ronmenta l  Resea rch  Program s t u d y i n g  
v a r o u s  p h y s i c a l  l a n d  c a p a b i l i t i e s  and s o c i a l  a t t i t u d e s  
i n  Emmet and Cheboygan c o u n t i e s  . . .  
A v e r y  i m p o r t a n t  a s p e c t  o f  o u r  communicat ion e f f o r t  has  
been  i n t e r a c t i o n  w i t h  DNR r e s o u r c e  managers a t  t h e  r e g i o n a l  
l e v e l .  S t e a d y  c o n t a c t  and  c o o p e r a t i o n  h a s  been e s t a b l i s h e d  
w i t h  t h e  r e g i o n a l  W i l d l i f e  H a b i t a t  B i o l o g i s t ,  Mr. J e f f e r y  C .  
Greene ,  s t a t i o n e d  i n  ou r  s t u d y  a r e a .  He has  a t t e n d e d  a l l  
o u r  "User" m e e t i n g s  and s t o p s  by o u r  o f f i c e s  f o r  i n f o r m a l  
d i s c u s s i o n s  when i n  t h e  v i c i n i t y .  To b e t t e r  u n d e r s t a n d  some 
of  h i s  r e s p o n s i b i l i t i e s  and management t o o l s ,  s e v e r a l  of  
o u r  s t a f f  members p a r t i c i p a t e d  i n  d e e r  management s u r v e y s  
h e l d  on B i o l o g i c a l  S t a t i o n  p r o p e r t y .  
M r .  Greene c a l l e d  o u r  a t t e n t i o n  t o  a n  a r e a  t h a t  needed 
e c o l o g i c a l  i n v e s t i g a t i o n s .  S t a t e  b i o l o g i s t s  had i d e n t i f i e d  
a  100 a c r e  c a t t a i l  marsh i n  ou r  s t u d y  a r e a  ( a t  t h e  mouth of  
t h e  Cheboygan R i v e r  i n  t h e  c i t y  of Cheboygan) a s  one of  t h e  
most e x t e n s i v e  c a t t a i l  marshes on t h e  Grea t  Lakes.  The l a n d  
was i n  mixed p u b l i c - p r i v a t e  ownership  and a  r e q u e s t  f o r  a  
d r e d g e  p e r m i t  a l o n g  w i t h  q u e s t i o n s  from p u b l i c  and p r i v a t e  
g roups  a s  t o  i t s  u s e  b rough t  t o  a t t e n t i o n  t h e  need f o r  an  
immediate  b a s e l i n e  n a t u r a l  h i s t o r y  and w a t e r  q u a l i t y  s t u d y .  
Wi th in  d a y s  our  P u b l i c  I n f o r m a t i o n  S c i e n t i s t  was a b l e  t o  
c o o r d i n a t e  an  e f f o r t  t h a t  p l a c e d  two g r a d u a t e  s t u d e n t s  i n  t h e  
marsh f o r  an e i g h t  w e e k , c o n c e n t r a t e d  n a t u r a l  h i s t o r y  s t u d y .  
M r .  Rober t  Thobaben and M r .  Douglas Woodby p r e s e n t e d  t h r e e  
p a p e r s  and  a  s e r i e s  o f  s h o r t  r e p o r t s  t o  t h e  3 N R  c o v e r i n g  t h e  
b i r d s ,  mammals, macrophy tes ,  a l g a e  w a t e r  q u a l i t y  and p r o -  
d u c t i v i t y  of t h e  a r e a .  P r o j e c t  s c i e n t i s t s  a d v i s e d  and gu ided  
t h e  two g r a d u a t e  s t u d e n t s  on v a r i o u s  a s p e c t s  of  t h e i r  s t u d y .  
A l o c a l  newspaper e d i t o r ,  M r .  J.W. Cohoe, was i n v i t e d  by t h e  
P u b l i c  I n f o r m a t i o n  S c i e n t i s t  t o  accompany t h e  g r a d u a t e  s t u d e n t s  
t h r o u g h  t h e  marsh on one  t h e i r  morning f i e l d  t r i p s ,  t h e r e b y  
i n i t i a t i n g  a  s e r i e s  of  a r t i c l e s  and pho tographs  a s  t h e  
p r o j e c t  p r o g r e s s e d .  A s  a  r e s u l t  o f  t h e s e  a r t i c l e s  i n  t h e  
Cheboygan News, awareness  of b o t h  o u r  p r o j e c t  and t h e  
m a r s h ' s  d i v e r s e ,  p r o d u c t i v e  h a b i t a t  was enhanced.  
Also  a t  t h e  r e g i o n a l  l e v e l  we a r e  i n  c o n t a c t  on a  
r o u t i n e  b a s i s  w i t h  M r .  Ed E c k e r ,  f o r e s t e r  and Mr. Mason 
Shouder ,  S i s h e r i e s  b i o l o g i s t ,  a s  w e l l  a s  l o c a l  c o n s e r -  
v a t i o n  o f f i c e r s .  
UPPER GREAT LAKES REGIONAL COMMISSION 
We have  r e c e n t l y  e s t a b l i s h e d  c o n t a c t  w i t h  t h e  Upper 
Grea t  Lakes Reg iona l  Commission, a  F e d e r a l  agency conce rned  
w i t h  n o r t h e r n  Mich igan ,  Wiscons in  and Minneso ta .  Through 
m e e t i n g s  w i t h  M r .  Alex L a g g i s ,  Michigan l i a i s o n  and t h e  
G o v e r n o r ' s  r e p r e s e n t a t i v e ,  we have 1)egun p l a n s  t o  j o i n t l y  
s p o n s o r  ( w i t h  t h e  Department  of N a t u r a l  Resouces)  an  
" I n l a n d  Lakes Conference"  t o  b e  h e l d  i n  n o r t h e r n  Mich igan .  
T h i s  c o n f e r e n c e  would b r i n g  t o g e t h e r  a l l  a g e n c i e s  and o r -  
g a n i z a t i o n s  conce rned  w i t h  Michigan  i n l a n d  l a k e s ,  t o  d e v e l o p  
a  c o n c e r t e d  r e s e a r c h  and management e f f o r t  f o r  t h e s e  e x -  
t r e m e l y  i m p o r t a n t  n a t u r a l  s y s t e m s ,  T e n t a t i v e l y  p lanned  f o r  
s p r i n g ,  1 9 7 5 ,  t h e  c o n f e r e n c e  w i l l  be  t h e  f i r s t  i n  what we 
hope t o  b e  a  s e r i e s  of s i m i l a r  m e e t i n g s .  
REGIONAL PLANNING A N D  DEVELOPMENT COMMISSIONS 
From t h e  v e r y  b e g i n n i n g  of  t h e  p r o j e c t ,  r e g i o n a l  p l a n n i n g  
and development  commissions have been  i n v o l v e d  w i t h  o u r  r e s e a r c h  
e f f o r t s .  Because of  o u r  g e o g r a p h i c  l o c a t i o n  ( a t  t h e  t i p  of  
lower Michigan) our research area is split into two regional 
development commisions. Cheboygan county is included in 
the Northeast Regional Planning and Development Commission 
and Emmet county is a part of the Notthwest Commission. 
George Byelich, natural resource planner and Jon Mersman, 
regional planner of the Northeast Commission, have parti- 
cipated substantially in the project design as a result of 
numerous contacts. Mr. Gregory Piaskowski, associated planner 
of the Northwest Commission, has attended our "User Committee" 
meetings and maintains routine communications with our staff. 
CHEBOYGAN COUNTY 
The most important contact in Cheboygan county has been 
Mr. Carl Burgtorf, zoning administrator. His insights into 
the county's communication pathways and urgent environmental 
concerns have been invaluable. Carl also took the time to 
give us a detailed plan for project involvement in Cheboygan 
county. 
Regular monthly meetings have been held with the Cheboygan 
County Technical Advisory Committee. This committee makes re- 
commendations on environmental matters to the Cheboygan County 
Board of Commissioners and other local governing bodies which 
may request assistance. In addition to representatives from 
this project, the committee consists of the local Sanitarian; 
a representative from the Northeast Regional Planning and De- 
velopment commission; County Extension Administrator; County 
Zoning Administrator; Soil Conservationist; State Forester; 
County  Roads E n g i n e e r  and t h e  C h a i r p e r s o n  of  t h e  Board o f  
County  Commiss ione r s .  
We have  a l s o  b e e n  i n  c l o s e  c o n t a c t  w i t h  S t a t e  H e a l t h  
Depa r tmen t  D i s t r i c t  No. 4 i n  Cheboygan c o u n t y  t h r o u g h  S a n i -  
t a r i a n  Michae l  Kavanaugh. He i s  f a m i l i a r  w i t h  o u r  p r o j e c t  
and  we h a v e  h e l p e d  him i n  o u r  w a t e r  c h e m i s t r y  l a b o r a t o r y  
w i t h  q u i c k l y  needed  f l u o r o m e t r i c  d e t e r m i n a t i o n s .  H i s  i n p u t  
a t  "User"  m e e t i n g s  h a v e  b e e n  s u b s t a n t i a l .  
The p r o j e c t  s t a f f  w e r e  i n v i t e d  t o  g i v e  a  p r e s e n t a t i o n  
b e f o r e  t h e  Cheboygan County  Board o f  Commiss ione r s .  From 
t h i s  e a r l y  c o n t a c t ,  we h a v e  a s k e d  M r .  Ra lph  Hammer, C h a i r -  
p e r s o n  o f  t h e  R i v e r s  and W a t e r c o u r s e s  Committee, t o  r e p r e s e n t  
t h e  Commission on t h e  "User  Commit tee" .  As o u r  i n f o r m a t i o n  
r e s o u r c e s  g row,  we p l a n  t o  a s k  f o r  a n o t h e r  p r e s e n t a t i o n  t o  
t h e  f i f t e e n  member b o a r d .  
EMMET COUNTY 
C o n t a c t  was made w i t h  Ms. Ann S m i t h ,  Emmet County  
Commiss ione r ,  when s h e  a t t e n d e d  o u r  Augus t  1, 1974  " F i e l d  
Day". A l s o  c o n t a c t e d  was a  newly e l e c t e d  c o m m i s s i o n e r ,  Ms. 
P a u l i n e  M e n g e b i e r ,  who h a s  i n d i c a t e d  i n t e r e s t  i n  o u r  p r o j e c t  
and  p l a n s  t o  a t t e n d  f u t u r e  "User"  m e e t i n g s .  A p r e s e n t a t i o n  
t o  t h e  e n t i r e  e l e v e n  p e r s o n  b o a r d  i s  p l a n n e d  f o r  s p r i n g ,  1 9 7 5 .  
M r .  Max P u t t e r s ,  Emmet c o u n t y  p l a n n e r ,  h a s  f o l l o w e d  o u r  
p r o j e c t  c l o s e l y .  I-Iis comments have  been  e s p e c i a l l y  h e l p f u l  
s i n c e  he  i s  a  p r o f e s s i o n a l  p l a n n e r ,  one  of  t h e  v e r y  few i n  t h e  
r e g i o n .  
S t a t e  H e a l t h  Department D i s t r i c t  No. 3  r e g u l a t e s  Emmet 
c o u n t y .  S a n i t a r i a n  Wi l l i am M .  Henne and E n v i r o n m e n t a l i s t  
Ward B o l l i n g e r  have been i n v o l v e d  w i t h  ou r  p r o j e c t  from 
t h e  f i r s t  "User" mee t ing .  We have been a b l e  t o  a s s i s t  them 
s e v e r a l  t i m e s  w i t h  chemica l  d e t e r m i n a t i o n s  t h a t  c o u l d  n o t  
have been o b t a i n e d  t h r o u g h  t h e i r  normal  c h a n n e l s .  
TOWNSHIPS 
The townships  a r e  t r u l y  t h e  " g r a s s  r o o t s "  of d e c i s i o n -  
making i n  Michigan ,  w i t h  many d e d i c a t e d  b u t  o f t e n  u n t r a i n e d  
o f f i c i a l s  making i m p o r t a n t  l a n d - u s e  d e c i s i o n s .  Our r e s e a r c h  
a r e a s  i n c l u d e  32 townships  (19 i n  Cheboygan c o u n t y ;  1 3  i n  
Emmet). Most of them have some l a k e  f r o n t a g e  under  t h e i r  
j u r i s d i c t i o n  and a l l  e x i s t  i n  v a r i o u s  l a k e  w a t e r s h e d s .  Even 
though coun ty -wide  zoning  o r d i n a n c e s  e x i s t  i n  t h e  two c o u n t i e s ,  
t ownsh ips  may s u p e r c e d e  ( f o r  b e t t e r  o r  worse)  t h e  coun ty  
o r d i n a n c e s  w i t h  t h e i r  own o r d i n a n c e s ,  o r  t h e y  may a c c e p t  t h e  
c o u n t y ' s  a s  t h e i r  own. 
An a t t e m p t  t o  o r g a n i z e  c o n c e n t r a t e d  communicat ion w i t h  
a l l  32 townships  was n o t  deemed f e a s i b l e ,  s o  a d i f f u s i o n  
approach  was a t t e m p t e d .  We began t o  work w i t h  a  few townsh ips  
t o  h e l p  w i t h  immediate  problems o r  w i t h  townsh ips  t h a t  ex -  
p r e s s e d  s p e c i f i c  i n t e r e s t  i n  our  p r o j e c t .  F u t u r e  p l a n s  c a l l  
f o r  a  workshop s p e c i f i c a l l y  g e a r e d  t o  townsh ips  and n a t u r a l  
r e s o u r c e  problems.  T h i s  workshop would p r o b a b l y  be i n  
c o o p e r a t i o n  w i t h  t h e  Michigan Township A s s o c i a t i o n .  
I n d i v i d u a l  t o w n s h i p  c o n t a c t  began  w i t h  Munro 
t o w n s h i p  w h i c h  c o n t a i n s  a l l  o f  Douglas  Lake and t h r e e  
o t h e r  s t u d y  l a k e s .  C o n t a c t s  o f  l o n g  s t a n d i n g  w e r e  r e -  
newed w i t h  t o w n s h i p  s u p e r v i s o r ,  C a r l  B o n n e t t ,  a  p i o n e e r  of  
t h e  a r e a .  R e g u l a r  a t t e n d a n c e  and a  r e p r e s e n t a t i o n  a t  
a l l  t o w n s h i p  m e e t i n g s  was i n i t i a t e d .  A t  t h e s e  m e e t i n g s ,  
t h e  s u p e r v i s o r  and  b o a r d  a l w a y s  we re  w i l l i n g  t o  g i v e  t h e  
P u b l i c  I n f o r m a t i o n  S c i e n t i s t  t h e  f l o o r  f o r  p r o g r e s s  r e p o r t s  
f rom t h e  B i o l o g i c a l  S t a t i o n .  
O t h e r  t o w n s h i p s  h a v e  become in fo rmed  o f  o u r  p r o j e c t  
t h r o u g h  v a r i o u s  c o n t a c t s .  By t h e  i n v i t a t i o n  o f  t h e  P i c k e r e l -  
Crooked Lakes  Improvement A s s o c i a t i o n ,  we made p r e s e n t a t i o n s  
t o  L i t t l e  F i e l d  and  L i t t l e  T r a v e r s e  Township Boards  i n  Emmet 
c o u n t y .  T h e s e  two t o w n s h i p s  h a v e  j u r i s d i c t i o n  o v e r  t h e  Crooked 
Lake s h o r e l i n e .  They w e r e  t h e r e f o r e  i n t e r e s t e d  i n  o u r  w a t e r  
q u a l i t y  s t u d i e s  and  p l e a s e d  w i t h  t h e  f a c t  t h a t  a  p r o j e c t  o f  
s u c h  a p p l i e d  n a t u r e  was i n  p r o g r e s s .  These  t o w n s h i p s  have  
b e e n  f a c e d  w i t h  s e r i o u s  l a n d - u s e  d e c i s i o n s  b e c a u s e  s e v e r a l  
l a r g e  d e v e l o p e r s  have  s o u g h t  a p p r o v a l s  f rom them f o r  v a r i o u s  
deve lopmen t  p r o j  e c t s .  
The Nunda Township Board i n  Cheboygan c o u n t y ,  f a c e d  w i t h  
l a n d - u s e  d e c i s i o n s  i n  c o n j u c t i o n  w i t h  Wildwood Lake ,  h a v e  
f o l l o w e d  and e x p r e s s e d  g e n u i n e  i n t e r e s t  i n  t h e  p r o j e c t .  
LAKE ASSOCIATIONS 
T h e r e  a r e  2 0  a s s o c i a t i o n s  i n  t h e  s t u d y  a r e a  t h a t  a r e  
c o m p r i s e d  o f  l a k e f r o n t  p r o p e r t y  owners  c o n c e r n e d  a b o u t  t h e  
improvement and p r o t e c t i o n  of t h e i r  l a k e  and s u r r o u n d i n g  
env i ronment .  A s  w i t h  t o w n s h i p s ,  i t  was deemed u n f e a s i b l e  
t o  work w i t h  a l l  of them. I n s t e a d ,  working r e l a t i o n s h i p s  
were e s t a b l i s h e d  w i t h  a s s o c i a t i o n s  r e q u e s t i n g  i n f o r m a t i o n ,  
and p r e l i m i n a r y  c o n t a c t  was made w i t h  t h e  r e m a i n d e r .  S p e c i a l  
a c t i v i t i e s  which have been  c a r r i e d  o u t  w i t h  s e v e r a l  a s s o c i a -  
t i o n s  a r e  d i s c u s s e d  below. 
We have worked c l o s e l y  w i t h  t h e  Douglas Lake Improvement 
A s s o c i a t i o n  f o r  s e v e r a l  y e a r s  t h r o u g h  t h e  Founder ,  M r .  Lynn 
Kel logg and o f f i c e r s ,  M r .  F .  Johnson and M r .  J .  Day. We 
conduc ted  s e v e r a l  mee t ings  w i t h  t h e s e  gen t l emen  d u r i n g  summer, 
1974. S i n c e  t h e  B i o l o g i c a l  S t a t i o n  i s  a  member of  t h e  a s s o -  
c i a t i o n ,  we have a  c l o s e , w o r k i n g  r e l a t i o n s h i p  w i t h  o t h e r  
members. T h i s  e x p e r i e n c e  s h o u l d  g r e a t l y  h e l p  when working 
w i t h  o t h e r  a s s o c i a t i o n s .  
The Douglas Lake Improvement A s s o c i a t i o n  was t h e  f i r s t  
a s s o c i a t i o n  t o  p r i n t ,  v e r b a t i m ,  ou r  i n i t i a l  "Lakeland Repor t "  
i n  t h e i r  n e w s l e t t e r  t o  2 0 0  members. A " c o f f e e "  was h e l d  f o r  
a s s o c i a t i o n  members i n  l a t e  Augus t ,  1974 t o  c r e a t e  a  more 
p e r s o n a l i z e d  communicat ion w i t h  "our  n e i g h b o r s " .  
I n  September ,  1974,  D r .  C h r i s t o p h e r  Sower ( S o c i a l  S c i e n t i s t  
a t  Michigan S t a t e  U n i v e r s i t y  and C h a i r p e r s o n  of  t h e  Ecology 
Committee f o r  t h e  P i c k e r e l - C r o o k e d  Lakes A s s o c i a t i o n )  came t o  
o u r  p r o j e c t  f o r  h e l p .  A new sewer was t o  be  c o n s t r u c t e d  on t h e  
n o r t h  s h o r e  of Crooked Lake and t h e n  l i n k e d  w i t h  t h e  c i t y  of  
Harbor  S p r i n g s  sewage t r e a t m e n t  sys t em.  I t  was g e n e r a l  knowledge 
t h a t  t h e  w a t e r  q u a l i t y  o f  Crooked Lake was below a v e r a g e  
a n d ,  a t  f i r s t ,  t h e  new sewer sys t em appea red  t o  a l l e v i a t e  
e n v i r o n m e n t a l  d e g r a d a t i o n  e l i m i n a t i n g  i n e f f e c t i v e  s e p t i c  
t a n k s .  However, t h e  a s s o c i a t i o n  e x p r e s s e d  c o n c e r n  t h a t  t h e  
new sewer  might  c a u s e  g r e a t e r  problems by opening  up w e t l a n d  
a r e a s  n o t  p r e s e n t l y  a v a i l a b l e  f o r  b u i l d i n g  b e c a u s e  of s t r i c t  
en fo rcemen t  of  s a n i t a r y  codes  i n  Emmet c o u n t y  . The a s s o -  
c i a t i o n  v i s u a l i z e d  t h e  impact  o f  new development  i n  we t l and  
a r e a s  a d d i n g  t o  t h e  a l r e a d y  crowded w a t e r s  of  Crooked Lake. 
They wanted i n f o r m a t i o n  on w a t e r  q u a l i t y  and w e t l a n d s ,  and 
e v e n t u a l l y  d e c i d e d  t o  p r i n t  an  i n f o r m a t i v e  b o o k l e t  e n t i t l e d  
" W i l l  We Save Our Lakes? The Time f o r  D e c i s i o n  i s  Now! ". 
We c o n t r i b u t e d  a  s e c t i o n  on w a t e r  q u a l i t y  based  upon our  
s t u d i e s  and a  s t a t e m e n t  on t h e  impor tance  of w e t l a n d s  t o  
l a k e  eco logy .  C o n t a c t s  w i t h  t h e  a s s o c i a t i o n  c o n t i n u e d  th rough  
t h e  s p r i n g  of 1974 when t h e  commit tee  members were a b l e  t o  
make t h e  p r e s e n t a t i o n  t h e m s e l v e s .  I t  i s  i m p o r t a n t  t o  n o t e  
t h a t  a f t e r  h e l p i n g  them g e t  s t a r t e d ,  t h e y  " c a r r i e d  t h e  b a l l "  
and c o n t i n u e d  t o  p r e s e n t  t h e i r  own c a s e  f o r  we t l and  p r o t e c t i o n .  
Wildwood Lake i s  t h e  o n l y  l a k e  i n  ou r  s t u d y  a r e a  c r e a t e d  
e x p r e s s l y  f o r  s h o r e l i n e  development  p u r p o s e s .  Because of  a  
p o o r l y  c o n c e i v e d  and e x c u t e d  p l a n  by t h e  l a k e  d e v e l o p e r s ,  t h e  
r e s i d e n t s  have  s e r i o u s  l a k e  problems.  Even b e f o r e  r e s i d e n t s  
became o f f f i c i a l l y  o r g a n i z e d ,  t h e y  were i n d i v i d u a l l y  a s k i n g  f o r  
a d v i c e  abou t  r e h a b i l i t a t i o n  and r e s t o r a t i o n  of t h e i r  l a k e .  A t  
o u r  u r g i n g ,  t h e y  formed a n  o f f i c i a l  o r g a n i z a t i o n  t o  b e t t e r  
e n a b l e  themse lves  t o  have a  s y s t e m a t i c  and u n i t e d  approach  
t o  t h e i r  problems.  P r o j e c t  s t a f f  met w i t h  them s e v e r a l  
t i m e s .  Some i n f o r m a t i o n  on Wildwood Lake g a t h e r e d  by t h e  
p r o j e c t  was g i v e n  t o  t h e  p r o p e r t y  owners a t  t h e i r  r e q u e s t .  
Black  Lake A s s o c i a t i o n ,  one of  t h e  o l d e s t  and s t r o n g e s t  
l a k e  a s s o c i a t i o n s  i n  t h e  s t a t e ,  has  f o l l o w e d  t h e  p r o j e c t  
c l o s e l y  from i t s  b e g i n n i n g .  The impor tance  of  c o n t i n u e d  
c o n t a c t  w i t h  t h i s  a s s o c i a t i o n  l i e s  i n  t h e  f a c t  t h a t  i t  p r o -  
v i d e s  t h e  o p p o r t u n i t y  f o r  t o t a l  communicat ion w i t h  s h o r e l i n e  
p r o p e r t y  owners of a  major  l a k e  i n  o u r  s t u d y  a r e a .  We have 
made numerous p r e s e n t a t i o n s  t o  t h a t  a s s o c i a t i o n  and we h o s t e d  
a  t o u r  of ou r  r e s e a r c h  f a c i l i t y  f o r  t h e  Black  Lake Asso-  
c i a t i o n  i n  t h e  f a l l  of 1974.  
The o t h e r  major  l a k e s  i n  t h e  r e g i o n  a r e  r e p r e s e n t e d  
by s e v e r a l  a s s o c i a t i o n s  e a c h .  We h o s t e d  s e v e r a l  c o f f e e  
d i s c u s s i o n s  f o r  Bur t  and M u l l e t t  A s s o c i a t i o n  r e p r e s e n t a t i v e s  
t o  t a l k  ove r  common p rob lems .  
THE MICHIGAN LAKE AND STREAM ASSOCIATION 
The Michigan Lake and Stream A s s o c i a t i o n  i s  d e d i c a t e d  
t o  t h e  c o n s e r v a t i o n  and improvement of M i c h i g a n ' s  i n l a n d  
w a t e r s .  I n d i v i d u a l  l a k e  a s s o c i a t i o n s ,  i n c l u d i n g  many i n  ou r  
s t u d y  a r e a ,  a r e  members of  t h i s  s t a t e - w i d e  o r g a n i z a t i o n .  T h i s  
a s s o c i a t i o n  has  become e f f e c t i v e  i n  encourag ing  f o r m a t i o n  of  
l a k e  a s s o c i a t i o n s  by r i p a r i a n s  and i n  a s s i s t i n g  them w i t h  
s o l u t i o n s  t o  common problems.  We have e s t a b l i s h e d  c l o s e  
c o n t a c t  w i t h  two r e g i o n a l  v i c e - p r e s i d e n t s  hav ing  r e s p o n s i b i l i t y  
f o r  l a k e s  and l a k e  a s s o c i a t i o n s  i n  o u r  s t u d y  a r e a  and we 
have  g i v e n  p r e s e n t a t i o n s  r e p e a t e d l y  a t  t h e i r  r e g i o n a l  
m e e t i n g s  i n  n o r t h e r n  lower Michigan .  D r .  John  Gannon has  
t a k e n  p a r t  i n  t h e i r  a n n u a l  mee t ing  d u r i n g  t h e  p a s t  two 
y e a r s .  
The Michigan Lake and St ream A s s o c i a t i o n  p u b l i s h e s  
t h e  q u a r t e r l y  magazine "Michigan R i p a r i a n " .  Ms. Mary 
Vander l aan  of t h e  p r o j e c t  s t a f f  p u b l i s h e d  a  t w o - p a r t  s e r i e s  
on i n l a n d  l a k e  zoning  i n  t h e  magazine and we a r e  p r e p a r i n g  
a n o t h e r  a r t i c l e  c o n c e r n i n g  our  p r o j e c t  nex t  s p r i n g .  
BONNETT WASTE DISPOSAL PROJECT 
One of t h e  more u n i q u e  i n t e r a c t i o n s  i n  which we were 
a b l e  t o  d i r e c t l y  a p p l y  r e s e a r c h  f o r  immediate  need came when 
one of ou r  "User Committee" members, M r .  C h a r l e s  B o n n e t t ,  
a sked  our  a d v i c e  on a s o l i d  w a s t e  d i s p o s a l  p r o j e c t .  B e s i d e s  
b e i n g  one of  t h e  most s u c c e s s f u l  f a r m e r s  i n  Cheboygan c o u n t y ,  
M r .  Bonnet t  i s  a c t i v e  i n  township  and c o u n t y  p r o j e c t s  and i s  
Cheboygan c o u n t y ' s  S o i l  C o n s e r v a t i o n  D i s t r i c t  C h a i r p e r s o n ,  a  
member of t h e  Cheboygan County Road Commission and i s  on t h e  
P l a n n i n g  Commission. He h a s  been q u i t e  concerned  abou t  
s o l i d  w a s t e  d i s p o s a l  p rob lems .  Consequen t ly ,  he d e s i g n e d  an  
exper imen t  t o  s e e  i f  pape r  s l u d g e  w a s t e  from t h e  Charmin Paper  
M i l l  i n  Cheboygan c o u l d  be  of u s e  on farm l a n d s .  The s l u d g e  
i s  now b e i n g  dumped i n  a  s a n i t a r y  l a n d  f i l l .  With t h e  a s s i s t -  
a n c e  of D r .  Lee J a c o b s ,  s o i l  s c i e n t i s t  a t  Michigan S t a t e  Uni-  
v e r s i t y ,  Mr. Bonne t t  i s  t e s t i n g  whether  o r  n o t  t h e  s l u d g e  w i l l  
i n c r e a s e  y i e l d  i n  one of  h i s  c o r n f i e l d s .  We a r e  c o -  
o p e r a t i n g  on t h e  s t u d y  by a n a l y z i n g  w a t e r  swmples i n  a n  
a d j a c e n t  pond i n  o r d e r  t o  d e t e c t  any a d v e r s e  changes  i n  
w a t e r  q u a l i t y  due  t o  t h e  s l u d g e  a p p l i c a t i o n .  R e s u l t s  from 
t h e  f i r s t  s e a s o n  have y e t  t o  be f u l l y  a n a l y z e d  b u t  p l a n s  
a r e  underway t o  c o n t i n u e  t h e  expe r imen t  i n  t h i s  u n i q u e  and 
c o o p e r a t i v e  e f f o r t .  
HEAR1 NGS 
A t  v a r i o u s  t i m e s ,  ou r  p r o j e c t  s c i e n t i s t s  and  s t a f f  have 
been c a l l e d  upon t o  make p r e s e n t a t i o n s  a t  wa te r  q u a l i t y  and 
l a n d - u s e  h e a r i n g s .  Both p r i v a t e  c i t i z e n s  and r e s o u r c e  
managers made t h e  o r i g i n a l  c o n t a c t s  w i t h  our  s t a f f .  Fo l lowing  
a r e  r e p o r t s  of ou r  f a c t u a l  t e s t i m o n y .  
Tamarack Development i s  a  p lanned development  of condo-  
miniums ( 9 6  u n i t s )  on 5 2 0  f e e t  of  t h e  n o r t h  arm of Walloon 
Lake. S i n c e  t h e  Bear Creek Township Board and t h e  Walloon 
Lake A s s o c i a t i o n  e x p r e s s e d  c o n c e r n  o v e r  t h e  proposed  d e v e l o p -  
ment ,  a  h e a r i n g  t o  e x p r e s s  v iews  was h e l d .  A t  t h e  i n v i t a t i o n  
of  one of  t h e  members of t h e  "User Committee", p r o j  e c t  
s c i e n t i s t  D r .  John  Gannon p r e s e n t e d  a  s t a t e m e n t  on w a t e r  
q u a l i t y  and e x p l a i n e d  t h e  h i g h  s h o r e l i n e  development  f a c t o r  
on Walloon Lake. A t  t h e  p r e s e n t  t i m e ,  a p p r o v a l  f o r  t h e  p l a n  
i s  pend ing .  
Our r e s e a r c h  s t a f f ,  a t  t h e  r e q u e s t  of Cheboygan County 
Zoning A d m i n i s t r a t o r ,  C a r l  B u r g t o r f ,  made s t a t e m e n t s  a t  a  
h e a r i n g  on a  p l anned  development  of  Mud Lake i n  t h e  I n d i a n  
R ive r  marsh a r e a .  Out t e s t i m o n y  was p r i m a r i l y  conce rned  w i t h  
t h e  impact  of t h e  development  on t h e  marsh and t h e r e f o r e  
on M u l l e t t  Lake downstream. The outcome i s  pend ing ,  bu t  
t h e  t e s t i m o n y  d i d  l e a d  t o  a  c o r d i a l  mee t ing  w i t h  t h e  
d e v e l o p e r  a t  t h e  B i o l o g i c a l  S t a t i o n  and h i s  i n t e r e s t  i n  
o u r  f u r t h e r  work on t h e  environment  of t h e  proposed  a r e a  
LAKE KATHLEEN 
Lake K a t h l e e n  i s  an  impoundment on t h e  Maple R i v e r ,  
Emmet c o u n t y  ( f i g u r e  5 ) .  I t  was c r e a t e d  f o r  development  
p u r p o s e s  by t h e  owner who wished t o  r i n g  t h e  l a k e  w i t h  a  
number of  homes and b u i l d  a  g o l f  c o u r s e  on i t s t  s h o r e s .  
With f u l l  c o o p e r a t i o n  o f  t h e  owner,  program p e r s o n n e l  a t  
t h e  B i o l o g i c a l  S t a t i o n  and a  team of  l imnology s t u d e n t s  
l aunched  an i n t e n s i v e  s t u d y  on t h e  l a k e  d u r i n g  t h e  summer of 
1973.  Our o b j e c t i v e s  were t o  p r o v i d e  b a s e l i n e  d a t a  on w a t e r  
q u a l i t y  of  Lake K a t h l e e n  w i t h  s p e c i a l  emphasis  on i t s  s e n s i -  
t i v i t y  t o  change  by human impac t ,  and t o  c r i t i q u e  t h e  o w n e r ' s  
p l a n s  f o r  development  of t h e  a r e a  from a n  env i ronmenta l  
v i e w p o i n t .  
A w r i t t e n  r e p o r t  c o n t a i n i n g  our  f i n d i n g s  was s u b m i t t e d  
t o  t h e  owner.  ' Subsequent  m e e t i n g s  were h e l d  by t h e  owner 
w i t h  p e o p l e  i n v o l v e d  i n  n a t u r a l  r e s o u r c e  management i n  Emmet 
c o u n t y .  T h i s  i s  one of t h e  f i r s t  t i m e s  n a t u r a l  r e s o u r c e  
managers  were  c o n s u l t e d  b e f o r e  a  developmeht  was s t a r t e d .  
They remarked t h a t  most of  t h e  t i m e  t h e y  a r e  c a l l e d  i n  a f t e r  
e n v i r o n m e n t a l  damage had o c c u r r e d  due  t o  poor  p l a n n i n g .  No 
new development  has  been i n i t i a t e d  a t  Lake K a t h l e e n  t o  d a t e ,  
b u t  t h i s  i s  one of t h e  f i r s t  o c c a s i o n s  where c a r e f u l l y  
p r e p a r e d  i n f o r m a t i o n  i n  e n v i r o n m e n t a l  s e n s i t i v i t y  h a s  gone 
i n t o  p l a n s  f o r  a  f u t u r e  r e c r e a t i o n a l  development  i n  
n o r t h e r n  Michigan!  
TWIN LAKES 
Our a t t e n t i o n  was drawn t o  a  s t a t e  f o r e s t  campground 
problem on Twin Lakes ,  Cheboygan c o u n t y ,  by concerned  r e s i d e n t s  
of t h e  a r e a .  The f i r s t  s t a t e  campground was b u i l t  on " I s o l a t e d  
Bas in"  many y e a r s  ago .  I t  was o f f i c i a l l y  abandoned long  a g o ,  
a l t h o u g h  campers c o n t i n u e d  t o  u s e  t h e  o l d  s i t e  and t h e  s o i l  
banks developed s e r i o u s  e r o s i o n  p rob lems .  A second camp- 
ground was b u i l t  on b a s i n  "A" of  t h e  Twin Lakes c h a i n .  S e r i o u s  
e r o s i o n  problems due  t o  human a c t i v i t y  o c c u r r e d  t h e r e  a l s o  and 
t h a t  campground s i t e  was abandoned i n  l a t e  May, 1974.  No 
a t t e m p t  was made t o  s t a b i l i z e  e r o s i o n  and r e s t o r e  v e g e t a t i o n  
on t h e  two abondoned s i t e s .  A t h i r d  s i t e  was r e c e n t l y  con-  
s t r u c t e d  on b a s i n  "C"  and was opened t o  t h e  p u b l i c  d u r i n g  
Memorial Day weekend, 1974.  We j o i n e d  l o c a l  r e s i d e n t s  i n  
t h e i r  c o n c e r n  about  d e g r e d a t i o n  of wa te r  q u a l i t y  i n  Twin Lakes 
from i n c r e a s e d  s i l t  and n u t r i e n t  l o a d i n g  t h r o u g h  r u n  o f f  and 
s e e p a g e  from t h e  bad ly  eroded campgrounds. Based upon our  
wa te r  q u a l i t y  s t u d i e s  on Twin Lakes ,  we were a b l e  t o  p r e p a r e  a  
r e p o r t  on t h e  w a t e r  q u a l i t y  s t a t u s  of Twin Lakes w i t h  s p e c i a l  
r e f e r e n c e  t o  t h e  s e n s i t i v i t y  of t h i s  w a t e r  body by human i m p a c t .  
We concluded t h a t  e r o s i o n  c o n t r o l  measures  s h o u l d  be  i n i t i a t e d  
immedia te ly  t o  r e s t o r e  t h e  l a n d  t o  i t s  i n h e r e n t  b e a u t y  and 
s a f e g u a r d  w a t e r  q u a l i t y  o f  t h i s  f r a g i l e  a q u a t i c  r e s o u r c e .  
P r e s e n t  p r a c t i c e s  of  b u i l d i n g  a  campground, wa tch ing  i t  
e r o d e ,  abandoning  i t ,  and b u i l d i n g  a  new one down t h e  s h o r e -  
l i n e  do n o t  seem t o  b e  i n  a c c o r d a n c e  w i t h  t h e  sound l a n d - u s e  
p l a n n i n g .  The DNR h a s  s i n c e  announced a l l o t m e n t  o f  $3000 f o r  
s o i l  e r o s i o n  aba temen t  and r e s e e d i n g  of a t  l e a s t  one  of  t h e  
o l d  campground s i t e s .  
ENVIRONMENTAL ASSOCIATIONS 
We p l a c e d  e n v i r o n m e n t a l  " a c t i v i t i s t s "  on t h e  "User 
Committee" a s  a  d e l i b e r a t e  a t t e m p t  t o  f u r t h e r  communicat ions 
w i t h  l o c a l  r e s o u r c e  managers  and t h e  v a r i o u s  e n v i r o n m e n t a l  
g r o u p s .  We have  a l s o  i n i t i a t e d  a  u n i q u e  approach  f o r  c o n -  
t a c t i n g  t h e s e  g r o u p s .  S i n c e  l o c a l  e n v i r o n m e n t a l i s t s  a r e  
g e n e r a l l y  i n t e r e s t e d  i n  r e c r e a t i o n a l  a c t i v i t i e s  such  a s  h i k i n g ,  
c y c l i n g ,  s k i  t o u r i n g  and  b i r d  w a t c h i n g ,  we have i n v i t e d  them 
t o  t h e  10 ,000  a c r e  B i o l o g i c a l  S t a t i o n  f o r  o u t i n g s .  The 
Cheboygan Cross  County S k i  Club and t h e  L i t t l e  T r a v e r s e  Group 
of t h e  S i e r r a  Club ( P e t o s k e y )  have  had a  j o i n t  c r o s s  c o u n t r y  
s k i  t o u r  on o u r  g rounds  accompanied by B i o l o g i c a l  S t a t i o n  s t a f f .  
These  o u t i n g s . h a v e  g i v e n  u s  an  o p p o r t u n i t y  t o  i n f o r m a l l y  d i s c u s s  
o u r  p r o j e c t .  We a l s o  h o s t e d  a  j o i n t  mee t ing  w i t h  t h e  P e t o s k e y  
R e g i o n a l  Audubon S o c i e t y  and t h e  L i t t l e  T r a v e r s e  Group of  t h e  
S i e r r a  Club i n  May, 1974 f o r  a  day  o f  h i k i n g  and e x p l o r i n g ,  
f o l l o w e d  by a  p o t  l u c k  d i n n e r  i n  t h e  even ing  and a  p r e s e n t a t i o n  
o f  o u r  p r o j e c t  by two of  t h e  p r o j e c t  s c i e n t i s t s .  Approximate ly  
100 p e o p l e  were  i n  a t t e n d a n c e .  
F I E L D  CONTACTS 
C o n t a c t s  w i t h  t h e  g e n e r a l  p u b l i c  t h r o u g h  f i e l d  p e r s o n n e l  
c a n  n o t  be  u n d e r e s t i m a t e d .  The 28 p e o p l e  c o n d u c t i n g  t h e  
s o c i a l  s c i e n c e  i n t e r v i e w s  cam, i n  c o n t a c t  w i t h  s e v e r a l  t h o u -  
sand  p e o p l e  d u r i n g  t h e  s u r v e y  of 8 2 9  r e s i d e n t s .  M r .  C h r i s  
Hansen,  i n  c o l l e c t i n g  ove r  2 0 0  r e s i d e n t i a l  w a t e r  s a m p l e s ,  
p rov ided  i m p o r t a n t  p u b l i c  i n f o r m a t  i o n  c o n t a c t .  When r e s i d e n t s  
showed s p e c i a l  i n t e r e s t  i n  our  p r o j e c t ,  t h e y  were g i v e n  a  
p r o j e c t  summary. S i n c e  t h e  b e g i n n i n g  of  l a k e  s a m p l i n g ,  f i e l d  
and s u r v e y  teams have  come i n  c o n t a c t  w i t h  s c o r e s  of  i n t e r e s t e d  
l a k e  r e s i d e n t s .  Through t h i s  k i n d  of communica t ion ,  r a p p o r t  
has  b u i l t  up a s  t h e y  s e e  and a r e  a b l e  t o  f e e l  a  p a r t  of  t h e  
r e s e a r c h  a c t i o n .  I t  was q u i t e  s u r p r i z i n g  t o  n o t e  how q u i c k l y  
news o f  t h e  p r o j e c t  s p r e a d  t h r o u g h  t h e  community, s i m p l y  by 
word-of -mouth .  
THE MEDIA 
Communications w i t h  t h e  g e n e r a l  p u b l i c  t h r o u g h  t h e  media 
has  been b o t h  e x c e l l e n t  and e x t e n s i v e .  The P u b l i c  I n f o r m a t i o n  
S c i e n t i s t  has  deve loped  f i n e  c o n t a c t s  w i t h  e d i t o r s ,  r e p o r t e r s ,  
and b r o a d c a s t e r s .  Four l o c a l  newspaper s ,  t h r e e  r a d i o  s t a t i o n s  
and two r e g i o n a l  t e l e v i s i o n  c h a n n e l s  have  c a r r i e d  m a t e r i a l  a b o u t  
t h e  p r o j e c t .  
OTHER CONTACTS 
A s  t i m e  p e r m i t t e d ,  numerous t a l k s  and s p e e c h e s  have  been  
g i v e n  t o  l o c a l  g r o u p s ,  c l u b  and s o c i e t i e s .  Groups a r e  t o u r e d  
t h r o u g h  t h e  B i o l o g i c a l  S t a t i o n  and c o u n t l e s s  r e q u e s t s  f o r  
i n f o r m a t i o n  a r e  r e c e i v e d  and responded t o  by t h e  p r o j e c t  
s t a f f ,  b u t  p r i m a r i l y  by t h e  P u b l i c  I n f o r m a t i o n  S c i e n t i s t .  
I n i t i a l l y ,  s u c h  a c t i v i t i e s  were  g i v e n  r e l a t i v e l y  h i g h  
p r i o r i t y  by t h e  s t a f f ,  b u t  a s  awareness  of  t h e  p r o j e c t  i n -  
c r e a s e d  i n  t h e  r e g i o n ,  l e s s  t i m e  was g i v e n  t o  g e n e r a l  
communicat ions and more t i m e  was c e n t e r e d  on s p e c i f i c  c o n t a c t s .  
PUBLICATIONS 
I n  o r d e r  t o  f a c i l i t a t e  d i s s e m i n a t i o n  o f  p r o j e c t  
p r o g r e s s  and f i n d i n g s ,  t h e  f o l l o w i n g  n o n - t e c h n i c a l  p u b l i -  
c a t i o n s  have been c r e a t e d :  
1. P r o j e c t  Summary: "Nor thern  Michigan Envi ronmenta l  
Resea rch  Program" 
A f i v e  p a g e ,  s t i f f - c o v e r  r e p o r t ,  summarizing our  
p r o j e c t .  W r i t t e n  f o r  t h e  i n t e r e s t e d  c i t i z e n .  
F i v e  hundred c o p i e s  were p r i n t e d  and o v e r  450 
have been d i s t r i b u t e d .  
2 .  N e w s l e t t e r :  "Lakeland Repor t"  
T h i s  p u b l i c a t i o n ,  t h e  f i r s t  o f  a  s e r i e s ,  was 
d e s i g n e d  t o  i n t e r e s t  t h e  g e n e r a l  p u b l i c ,  e s p e c i a l l y  
t h e  w a t e r - o r i e n t e d  r e s i d e n t .  D i s t r i b u t i o n  was 
d i r e c t e d  t h r o u g h  l a k e  a s s o c i a t i o n s  f o r  i n c l u s i o n  i n  
t h e i r  f a l l  n e w s l e t t e r s .  To t h i s  d a t e ,  o v e r  5 0 0  
have been  c i r c u l a t e d  w i t h  an  e x p e c t e d  a u d i e n c e  o f  
1 , 0 0 0 .  The news media have a l s o  used  p o r t i o n s  o f  
t h e  r e p o r t  i n  f e a t u r e d  a r t i c l e s .  
3 .  I n f o r m a t i o n a l  R e p o r t s :  
A s e r i e s o f  r e p o r t s  e x p l o r i n g  man and h i s  envi ronment  
i n  n o r t h e r n  lower Michigan .  The s e r i e s  w i l l  p r o v i d e  
background i n f o r m a t i o n  f o r  u s e  i n  f u t u r e  l a n d - u s e  
c o n s i d e r a t i o n s .  D r a f t s  o f  t h e  f i r s t  two r e p o r t s  on 
n a t u r a l  f e a t u r e s  o f  t h e  r e g i o n  and h i s t o r y  o f  l a n d -  
u s e  i n  t h e  a r e a  have been p r e p a r e d .  
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John E .  Gannon and Mark W .  Paddock a r e  c o - p r i n c i p a l  
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was conduc ted  ma in ly  by R .  S .  S t e m b e r g e r ,  D .  J .  R o f r i t z ,  D .  
Mazur and W .  S h a r p .  Chemis t ry  a n a l y s e s  were per formed by G .  
Krausse  and C .  Minard w i t h  t h e  a s s i s t a n c e  o f  K .  C a r t e r ,  J .  
Murphy and E .  B u r r .  Ole Lundin was r e s p o n s i b l e  f o r  d a t a  
s t o r a g e ,  r e t r i e v a l  and m a n i p u l a t i o n  and a s s i s t e d  t h e  p r o j e c t  
i n  numerous ways b o t h  i n  t h e  l a b o r a t o r y  and t h e  f i e l d .  He 
c r e a t e d  t h e  RANN c o n v e r s a t i o n a l  d a t a  s t o r a g e  and r e t r i e v a l  
s y s t e m  e x p r e s s l y  f o r  t h e  p u r p o s e s  o f  t h i s  p r o j e c t  and w r o t e  
t h e  s e c t i o n s  o f  t h i s  r e p o r t  on d a t a  s t o r a g e ,  r e t r i e v a l  and 
m a n i p u l a t i o n  a s  w e l l  a s  t h e  s e c t i o n  on c l u s t e r  a n a l y s e s .  
R i c h a r d  S .  S temberge r  a n a l y z e d  t h e  r o t i f e r  d a t a  and w r o t e  
t h e  r o t i f e r  s e c t i o n .  M .  B .  P a t t y n  a n a l y z e d  c r u s t a c e a n  zoo- 
p l a n k t o n  d a t a  and w r o t e  t h i s  s e c t i o n  of  t h e  r e p o r t  w i t h  t h e  
a s s i s t a n c e  o f  J .  E .  Gannon. N .  Andresen and E .  F .  S t o e r m e r  
were  r e s p o n s i b l e  f o r  p a l e o l i m n o l o g i c a l  s t u d i e s .  J .  C a i r n s ,  
J r .  and W .  H .  Yongue, J r .  ( V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  
and S t a t e  U n i v e r s i t y )  were r e s p o n s i b l e  f o r  p r o t o z o a n  s t u d i e s .  
C .  S c h w i n t z e r  ( U n i v e r s i t y  o f  Wiscons in-  Green Bay) conduc ted  
s t u d i e s  and w r o t e  t h e  w e t l a n d s  s e c t i o n .  
T e r r e s t r i a l  s t u d i e s  were d i r e c t e d  by C .  J .  R icha rdson .  
C .  Hansen a s s i s t e d  w i t h  f i e l d  work and c o - a u t h o r e d  w i t h  
C .  J. Richardson t h e  s e c t i o n  on n u t r i e n t s  i n  ground w a t e r .  
J .  R .  Boyle w r o t e  t h e  s e c t i o n  on l a k e  s h o r e l i n e  s o i l s .  The 
p r e l i m i n a r y  n u t r i e n t  budge t  c a l c u l a t i o n s  were compi led  by  
D .  S .  N i c h o l s  who c o - a u t h o r e d  t h i s  s e c t i o n  of  t h e  r e p o r t  
w i t h  C .  J .  R icha rdson .  
S o c i a l  s c i e n c e  i n t e r v i e w s  were conduc ted  under  t h e  
d i r e c t i o n  o f  R .  W .  Marans w i t h  p r i n c i p a l  a s s i s t a n c e  from 
D .  Wellman. The s o c i a l  s e c t i o n  of t h e  r e p o r t  was w r i t t e n  
by R .  Marans who wishes  t o  acknowledge a s s i s t a n c e  o f  t h e  
c o n s c i e n t i o u s  i n t e r v i e w e r s  and s u p p o r t  f rom t h e  s t a f f  a t  
t h e  I n s t i t u t e  f o r  S o c i a l  Resea rch .  
Day t o  day c o n t a c t  w i t h  t h e  u s e r  community was com- 
p e t e n t l y  h a n d l e d  by W .  L .  F o s t e r .  The s e c t i o n  on i n f o r m a -  
t i o n  u t i l i z a t i o n  was w r i t t e n  by M .  W .  Paddock and W .  L .  
F o s t e r .  S e m i - t e c h n i c a l  r e p o r t s  g e a r e d  f o r  t h e  g e n e r a l  p u b l i c  
a r e  viewed a s  an i m p o r t a n t  o u t p u t  o f  t h i s  p r o j e c t .  The 
d i s c u s s i o n  o f  n a t u r a l  f e a t u r e s  of  t h e  s t u d y  a r e a  was w r i t t e n  
by W .  L .  F o s t e r  and t h e  r e p o r t  on h i s t o r y  o f  l a n d  u s e  and 
p o p u l a t i o n  changes was w r i t t e n  by W .  O ' N e i l .  
We g r a t e f u l l y  acknowledge t h e  c o r d i a l  and most a b l e  
a s s i s t a n c e  of  J .  Nagel f o r  e d i t o r i a l  and m a n u s c r i p t  p r e p a r a t i o n  
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by  W .  Sha rp  and R .  Fowler .  
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APPENDIX A 
APPENDIX A - 
CODING INSTRUCTIONS FOR RANN DATA INDICES 
LAKE : A r n o t t  
Black 
B r y a n t ' s  Bog 
Bur t  
Carp 
Char l e v o i x  
Cochran 








S i x t e e n  
Larks 
Lancas t e r  
Lance 
L i v i n g s t o n  Bog 
Long 
McLavey 
Mud Lake Bog 
Mud (Emmet Co . ) 
DATE: F a l l  7 2  
Winter  73 
S p r i n g  73 
Summer 73 
F a l l  73 
Sp r ing  
M u l l e t t  
Munro 
Osmun 
P i c k e r e l  
Rober ts  
Round 
S i l v e r  (Cheboygan 
S i l v e r  (BSA) - 
Twin - A 
Twin - B 
Twin - C 
Twin - D 
Twin - E 
Twin - F 
Twin - G 







Twin (To t a l )  
1 Winter 74 
2 Sp r ing  7 4  
3 Summer 74 
4 F a l l  74 
5 
STATION: I f  on ly  o n e - s t a t i o n ,  e n t e r  1 
I f  more t h a n  one ,  number c o n s e c u t i v e l y  from 1 
TYPE : Physicochemical  pa ramete r s  
Secch i  Depth and Color  0 1  
Temperature 02 
L igh t  P e n e t r a t i o n  03 
T u r b i d i t y  04 
pH 0  5 
Disso lved  Oxygen 06 
A l k a l i n i t y  0  7  





Chlor ide  
Chlorophyl l  - a
SiO? 
~ o l c b l e  PO4 






RELATIVE DEPTH: Number from 01 c o n s e c u t i v e l y  up t o  3 9 .  01  s h o u l d  
r e p r e s e n t  t h e  f i r s t  r e a d i n g  o r  sample i n  a  s e r i e s  
( u s u a l l y  a t  a  s p e c i f i c  d e p t h  o f  0  m e t e r s )  a t  a  
s p e c i f i c  l a k e ,  t ime  and s t a t i o n .  0 2  s h o u l d  r e -  
p r e s e n t  t h e  second r e a d i n g  o r  sample i n  t h a t  s e r i e s ,  
03 t h e  t h i r d ,  e t c .  The s p e c i f i c  d e p t h  r e l a t e d  t o  t h e  
r e l a t i v e  d e p t h  w i l l  be  e n t e r e d  i n  t h e  r e s p e c t i v e  
DATA s e c t i o n  o f  t h e  l o g .  






S h o r e l i n e  Length 
S u r f a c e  Area 
Watershed Area 
Volume 
S h o r e l i n e  Development F a c t o r  
Volume Development F a c t o r  
Watershed Area /Sur face  Area R a t i o  
DATA ENTRY : PHYSI CAL 6 CHEMI CAL 
SPECIFI C DEPTH : 
E n t e r  d e p t h  i n  me te r s  o f  sample o r  r e a d i n g .  Use 1 d i g i t  ( o r  
dec ima l )  p e r  column. Make s u r e  t h a t  t h e  r e l a t i v e  d e p t h  i n d e x  
i s  a p p r o p r i a t e  f o r  t h i s  d e p t h .  
DATUM : 
E n t e r  datum, u s i n g  1 d i g i t  ( o r  dec ima l )  p e r  column. 
UNITS : 
E n t e r  u n i t s  of  measure a p p r o p r i a t e  t o  t h e  datum. A b b r e v i a t e  
t o  4 c h a r a c t e r s  o r  l e s s .  
***NOTE*** 
When t r a n s c r i b i n g  S e c c h i  Depth G C o l o r ,  e n t e r  Color  ( A r a b i c  
Numerals) i n  t h e  S p e c i f i c  Depth f i e l d ,  t h e  S e c c h i  r e a d i n g  i n  
t h e  Datum f i e l d ,  and M ( t o  r i g h t )  i n  t h e  U n i t s  f i e l d  
DATA ENTRY : MORPHOLOGICAL 
The p r o c e d u r e  i s  t h e  same a s  f o r  p h y s i c a l  and chemica l  d a t a  
e n t r y ,  e x c e p t  t h a t  o n l y  Datum and U n i t s  a r e  a p p r o p r i a t e .  
APPENDIX B 
APPENDIX B - 
INSTRUCTIONS FOR USE OF RANN - A 
CONVERSATIONAL DATA RETRIEVALSYSTEM 
RANN, a conversational data retrieval system written in 
FORTRAN IV, was created to help cope with the problems of 
storage, manipulation, and accessibility that are associated 
with the large quantities of water quality data being collected, 
collated, or otherwise compiled as a result of the NSF-RANN 
program at the University of Michigan Biological Station. 
Each piece of data has been stored on computer files, 
with each type of data indexed as follows: 
Physical/Chemical:Lake,Station,Date(Season),TypeofData,Depth(Relative) 
Morphological:Lake,TypeofData 
(See APPENDIX A for a detailed description of the parameters and 
the associated indexing system.) 
The user initiates a data retrieval session using the com- 
mand RUN RANN. The computer will then ask for indices. The 
user then enters a string of parameter keywords which specify 
the datum(a) to be retrieved. 
The first keyword in the list should describe if physi- 
cal/chemical or morphological data is to be retrieved. Key- 
words for these are PHYsical, CHEmical, and Morphological, - - - 
respectively. The whole word may be used, or just the capi- 
talized, underlined portion (smallest significant abbreviation). 
If either PHY or CHE is specified, it must be followed 
by a string of five (5) parameter keywords, one (1) from each 
of the following categories: lake, station, date, phys/chem 
data type, and relative depth. See Tables I through V for 
descriptions of these parameter keywords. If MO is specified, 
i t  must  be  f o l l o w e d  by a l a k e  p a r a m e t e r  keyword, and a morpho- 
l o g i c a l  d a t a  t y p e  p a r a m e t e r  keyword (See T a b l e s  I  and V I ) .  
G e n e r a l  "grammat ica l"  r u l e s  a r e  a s  f o l l o w s :  
1. A comma must f o l l o w  each  p a r a m e t e r  keyword. 
2 .  T h e r e  must  b e  no b l a n k  s p a c e s  between a comma and 
t h e  f o l l o w i n g  p a r a m e t e r  keyword. 
3 .  There  must b e  no b l a n k s  between a comma and t h e  p r e -  
c e d i n g  p a r a m e t e r  keyword u n l e s s  i t  happens t o  b e  p a r t  
o f  a s m a l l e s t  s i g n i f i c a n t  a b b r e v i a t i o n ,  such  a s  MUD -
(Mud Lake Bog) 
4 .  The p a r a m e t e r  keywords may be  i n  any o r d e r  i n  t h e  l i s t .  
A s p e c i a l  keyword, A L L ,  i s  a v a i l a b l e  t o  e n a b l e  t h e  u s e r  
t o  s p e c i f y  a n  a r r a y  t o  b e  r e t r i e v e d .  I f  s p e c i f y i n g  PHY/CHE 
d a t a ,  A L L  may b e  s u b s t i t u t e d  f o r  one (1)  o f  t h e  r e q u i r e d  p a -  
r a m e t e r  keywords.  The sys t em w i l l  t h e n  r e t r i e v e  d a t a  f o r  t h e  
e n t i r e  r a n g e  o f  t h e  keyword r e p l a c e d ,  t h e  o t h e r  p a r a m e t e r s  
r e m a i n i n g  c o n s t a n t .  For  example ,  t h e  i n p u t  l i s t  PHY,BURT,l, 
ALL,TEMP,SUM73 w i l l  r e t r i e v e  t h e  t e m p e r a t u r e  p r o f i l e  o b t a i n e d  
f o r  B u r t  Lake ( C e n t r a l  S t a t i o n )  d u r i n g  summer, 1973.  I f  MO 
d a t a  i s  b e i n g  s p e c i f i e d ,  A L L  may b e  s u b s t i t u t e d  f o r  e i t h e r  o r  
b o t h  p a r a m e t e r  keywords,  w i t h  r e s u l t s  e q u i v a l e n t  t o  t h o s e  ob-  
t a i n e d  when used  w i t h  PHYS/CHEM d a t a .  
Output  from t h e  sys t em i s  a s  f o l l o w s :  
PHY/CHE Da ta :  
5 I n t e g e r  Numbers Depth Data  U n i t s  ( i f  any) 
V 
Eq 
( ~ a k e  I n d e x ,  Date  I n d e x ,  S t a t i o n  Index ,  Type I n d e x ,  Re1 Dep index' 
MO Data: 
2 Integer Numbers 
v 
Data Units (if any) 
A 
(~ake Index, Type Index7 
If no data exists for the parameters specified, nothing will 
be printed. Abbreviations of units employed appear in Table VII. 
(See Appendix A for identification of the particular index num- 
bers) 
Misspellings, underspecification, and overspecification 
are detected by the system, and generate the printing of an 
appropriate error comment. Input errors which do not-fall 
neatly into one of those categories will be detected, but 
the ensuing error comment might not elucidate the problem. 
To terminate a retrieval session, enter a dash ( - )  in- 
stead of a parameter keyword list. If, at any time, the user 
wants to stop the program while it is retrieving data, the 
BREAK button on the terminal keyboard should be pushed. After 
the "Attention Interrupt" message has been printed, the BRK-RLS 
button (which will be illuminated) on the upper right hand 
side of the terminal should be pushed. If additional data 
retrieval is necessary, RUN RANN must be given again. 
An example of a computer print-out of physical chemical 
data appears in Table VIII. The print-out of the morphometric 
data appears in the Text (Table 5). 
TABLE 1 LAKE PARAMETER KEYWORDS 
- . - -  
131,nck - .- 
Illtyant ' s Bog 
mi\p 
mr - l c v o i x  
COChran 
€OTlnwall 
m o k e d  - 
Ulivcreaux 
D ~ Y  
m c n c h  Farm 
m c k e t t  
l-roop 
LTNCAS t e r  
m 
m i n g s t o n  Bog - 
Long 
MClavey 
MUD l a k e  
MUD- emme 
MULTett 
TABLE 11 DATE PARAMETER KEYWORDS 





F ~ c k c r e l  
m ~ c r t s  
m n d  
m i n g  
3l"Ency Creek 
TWIN-A 
' I ' W I N - B  
m 
TWIN-D 
9 ' W l N - 1 :  
'I'WIN-F 
TWTN-G 
m s o l a t e d  
*metal ( * A p p r o p r i a t e  o n l y  f o r  
m o r p h o l o g i c a l  d a t a )  
V I n c e n t  
TABLE I I I S T A T 1  ON PARAMETER KEYWORDS 
L 
3 (Must c o n s i s t  o f  - one and o n l y  - one d i g i t )  
a 
TABLE I V  R E L A T I V E  DEPTH PARAMETER KEYWORDS 
01 -
0  2 -
e t c .  . . .  (Must c o n s i s t  o f  - two and o n l y  - two d i g i t s )  
S p e c i a l  R e l a t i v e  Depth Pa ramete r  Keywords: 
S u r f  - E q u i v a l e n t  t o  0 . 0  m e t e r s  
Bottom - E q u i v a l e n t  t o  t h e  g r e a t e s t  d e p t h  f o r  which 
a  p i e c e  o f  d a t a  was o b t a i n e d  f o r  a  s p e c i f i e d  
l a k e ,  d a t e ,  s t a t i o n ,  and p h y s i c a l  o r  chemica l  
d a t a  t y p e  
TABLE V  PHYS I CAL/CHEMI CAL DATA TYPE PARAMETER KEYWORDS 
- 
CHLorophyll-  a  
CL - ( C h l o r i d e )  
CONduct iv i ty  - 
DO ( D i s s o l v e d  Oxygen) 
R- - (Po tas s ium)  
LIGht P e n e t r a t i o n  
(Magnesium) 
FIX - (Sodium) 
I I 1  
r n e o p i g m e n t s  
m s - s o l u b l e  
PHOS-Total 
SEcchi (Output  i n c l u d e s  c o l o r )  
ST0 2 ( S i l i c a )  
TEmperature 
m r b i d i t y  - 
TABLE V I  MORPHOLOGICAL  D A T A  T Y P E  PARAMETER KEYWORDS 
AREa ratio (Lake Area t Watershed Area) 
SDf (Shoreline Development Factor) 
morelength 
m F A c e  area 
'VE-  (Volume Development Factor) 
VTlume 
WTershed area - 
TABLE V I  1 COMMON U N I T S  A B B R E V I A T I O N S  
PPM: Parts per million 
PPB: Parts per billion 
%SAT: Percent saturation 
% T R N :  Percent light transmission 
C: Degrees Centigrade 
M: Meters 
MG/L: Milligrams per liter 
CUBM: Cubic meters 
SQKM: Square kilometers 
KM: Kilometers 
HECT: Hectares 
CUKM: Cubic Kilometers 
APPENDIX - C 
PRELIMINARY DATA FROM THE 
SURVEY OF LAKE-ORIENTED RESIDENTS 
TABLE 1 
Household C h a r a c t e r i s t i c s  o f  Northern Michigan Residents  , by County 
(percentage  d i s t r i b u t i o n  of respondents)  
Household C h a r a c t e r i s t i c s  Cheboygan E m e t  Presque I s l e  Charlevoix - A l l  
Second Home Owners 
a  
Year-round Res idents  
Vaca t ioners  
b 
TOTAL 
Number of Respondents 50 1 2 14 3 9 7 2 826 
a ~ e a r - r o u n d  r e s i d e n t s  i nc lude  owners, r e n t e r s  and those  who n e i t h e r  own no r  
b ~ a c a t i o n e r s  i nc lude  seasona l  r e n t e r s  and those  seasona l  r e s i d e n t s  who n e i t h e r  
own n o r  r e n t .  w 
TABLE 2 
Permanent Residence 
Primary Residence of Second Home Owners and Vacat ioners ,  by County 1 
(percentage d i s t r i b u t i o n  of respondents )  
Cheboygan h e t  Presque I s l e  Char1,evoix ALL -
Michigan 7 3 58 8 7 45 6 8 
Wayne ( D e t r o i t )  22 17 
Oakland and Macomb 18 14 
Ingham, Eaton and Cl in ton  (Lansing) 7 6 
Washtenaw, Livingston,  Monroe 4 1 
Bay, Saginaw and Midland 3 2 
Emme t , Cheboygan , Presque I s l e  3 5 
Calhoun, Kalamazoo, and Jackson 4 2 
Other Michigan coun t i e s  12 11 
Ohio 12 20 10 16 14 
Indiana P 5 13 0 20 8 
Flo r ida  4 1 0 5 3 
Other s t a t e s  
A l l  second home owners and 
vaca t ione r s  
' ~ i ~ u r e s  do n o t  inc lude  the  46 respondents  who are seasonal  respondents  who a re  seasona l  r e s i d e n t s ,  
u s ing  the  w a t e r f r o n t  r e s idence  as t h e i r  main yo t ing  address .  
TABLE 3 
Impact of the Energy Crisis on Vacation Plans 
of Second Home Owners and Pacationers 
Percent of Respondents 
Reporting Energy Crisis Number of 
Influenced Plans 1 Respondents 
Second Home Owners 
Vacationers 
ALL 
 he question was: "Would you say that the cost and availability 
of gasoline influenced your vacation plans this summer quite a bit, 
somewhat, or not at all?" Figures represent respondents who 
answered "quite a bit" or "somewhat". 
TABLE 4 
Attitudes Toward Growth and Development 
by Household Characteristics 
(percentage distribution of respondents) 
Amount of Growth 1 Second Home Year-round 
and Development ~esiredl Owners Residents Vacationers 
A Great Deal 3 7 1 4 
Some (or) a Little 
None at All 
Number of Respondents 396 253 158 807 
l ~ h e  question was: "HOW much growth and development would you personally 
like to see in this area -- a great deal, some, a little, or none at all?" 
TABLE 5 
Reasons People Like  t o  be i n  Northern ~ i c h i ~ a n '  
(percent  of 2011 reasons  given) 
Peace and q u i e t  o f  a r e a ,  s o l i t u d e ,  no t  crowded; 
away f r o n  c i t y  problems, cr ime,  t r a f f i c ,  n o i s e  
Water and l a k e s ,  i n l and  waterway, Great Lakes 
Na tu ra l  s e t t i n g ;  ou tdoors ,  t r e e s  and animals ,  t h e  
count ry  
Recrea t ion  o p p o r t u n i t i e s ,  s k i i n g ,  s a i l i n g ,  hun t ing ,  
f f sh ing  , e t c  . 
Climate,  weather  
Clean a i r  and water  
F a m i l i a r i t y  w i t h  a r e a :  l i v e d  h e r e  a l l  my l i f e ,  have 
v i s i t e d  a r e a  f r e q u e n t l y  
The people ;  f r i e n d s ,  family 
 he ques t ion  was: " F i r s t  of a l l ,  what do you l i k e  about  
your be ing  h e r e  i n  t h i s  p a r t  of no r the rn  Michigap?" 
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